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MORPHOLOGICAL STUDIES IN THE GRAMINEAE 

V. Vascular Anatomy of the Spike and Spikelets in the Andropogoneae* 

By Naresh Chandra and N. P. Saxena 

( School of Plant Morphology, Meerut ) 

Received August 7, 1963 
{Communicated by Dr. V. Puri, F.A.ic.) 

Introduction 

The tribe andropogoneae is a most complex and highly specialized tribe 
of the Gramineae and stands next only to Maydeae in the evolutionary 
sequence. The spikelets are binate at each node of the rachis — one sessile 
and perfect and the other pedicelled either fertile or reduced. Each spikelet 
has two outer empty glumes and two florets — the lower generally reduced 
in development and the upper generally perfect. No detailed study, however, 
seems to have been made of the spikelet anatomy of this tribe. Keng (1939) 
described in detail the gross morphology of the tribe. Long (1930) studied 
the vascular anatomy of the spike and spikelets of Sorghum sudanense and 
S. halepense and Arber (1934) has made a study of Ischaemum rugosum and 
certain other related grasses. This study was undertaken with a view to have 
a better understanding of the spikelet in the Gramineae in general. The 
present paper deals with the structure and vascular supply of twenty species 
belonging to five sub-tribes of Andropogoneae. 

Material and Method 

The following is the list of species included in this study. 

Sub-tribe: saccharinae 

Sacchcirum officmarum Linn. 

Saccharum spontaneum Linn. 

Erianthus inuitja (Roxb.) Jeswiet 

Erianthian fulvus Nees 

Imperata cylindrica (Linn.) P. Beauv. 

* Research Contribution No. 56 from the School of Plant Morphology, Meerut College, 
Meerut. 
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S ub-tnbc isckiminae 


w Ischaemum mgosum Sahsb 

Apluda mutica Lmn \ar aristata (Linn) Pilger 

Sub tribe rotiboellinae 
Hemarthria compressa (Linn f) RRr 
Rottboellta exaltata Linn f 
Ophiuros exaltaius (Lmn ) Ktze 
Mnestthea taeus (Ret?) Kunth 

Sub-tribe sorgicnae 
Sorghum halepense (Lmn) Pers 
Vein eria zuamoides (Lmn) Nash 

Sub-tribe andrqfogomnae 
Dichanthium aiuiulatunt (Forsk.) Stapf 
Bothriochloa pertusa (Lmn) Camus 
Arthraxon ciharis Beauv 
Cymbopogon marlin i (Roxb ) Wats 

Hcieropogon contortus <Ltnn ) Beauv ex R and S Themeda sp 
Themeda sp 

(seilema anthephoroldes Hack 

Most of the grasses were collected locally The material of Ischaemum 
rugosimi Themeda sp and Isedema anthephoroides was collected from 
LonayJa 2nd that of Qwbpppgw .vurrjmr freon S&sgaSore Herbarium 
material of Ophiuros exaltaius was obtained through the courtesy of the 
Regional Botanist Botanical Survey of India Poona The material of 
Arthraxon ctharis and Erianthus fuhus was collected from Simla 

Spikes and spikelets of the various grasses were fixed in F A A Some 
of the material required pretreatment with 5% KOH before dehydration 
Cu>lomar> methods of dehydration clearing and embedding were followed 
.Sections were cut^ 10-14 p thick and stained with Crystal violet — Erythrosin 
or Safranm— Fast green combination 



Morphological Studies in the Gramincae—l 
- - Observations • — - 
Sub-tribe : saccharin ae 

The inflorescence is a large terminal panicle of racemes and is covered 
with soft delicate hairs. At each joint of a raceme, there is one sessile and 
one pedicelled spikelet. Each sessile spikelet has an outer glume, an inner 
glume, two lemmas— the outer generally empty while the inner one is paleate 
with a perfect bisexual flower, having two lodicules, three stamens and a 
gynoecium with two plumose stigmas. Lodicules are, however, absent in 
Imperata cylindrica. The pedicelled spikelet is just similar to the sessile one. 

In a transverse section of the axis there are three large central bundles 
and a few small bundles on the periphery (Fig. 1). All these bundles multiply 
at the base of a joint (Figs. 2-4). One large bundle and two small, one on 
either side of it pass out for the sessile spikelet and three similar bundles for 
the pedicelled spikelet (Fig. 5). In the sessile spikelet the two side bundles 
supply the outer empty glume while the central one expands out to form a 
mass of vascular tissue (Figs. 5 and 6). This gives out on cither side one 
trace which divides into two each. These are the marginal nerves for the 
second empty glume and the lemma I (Figs. 6-8). The second empty glume 
also receives one median r.erve frem the central mass of vascular tissue (Fig.7). 
Lemma II and its palea are hyaline ncn-vascular structures (Figs. 9 and 10). 
The central vascular mass now gives off two traces anterolaterally for the two 
lodicules which divide and subdivide immediately after separation from the 
central vascular mass (Figs. 9 and 10). 

The remaining vascular tissue after supplying one trace to each of the 
three stamens enters the base of the gynoecium (Fig. 11). It ghes off two 
traces laterally for the ovary wall and itself supplies the solitary ovule attached 
to the posterior side of the gynoecium (Fig. 12). The two bundles traversing 
the ovary wall pass out into the stigmas (Fig. 13). In one case in S. offiemarum 
there were only two lateral stamens . (Fig. 14). Tne pedicelled spikelet is 
also similar to the sessile one ill its' vasculature (Fig. 15). 

_ In Saccharum spontaneum , the lemma I has only one median nerve. 

In Erianthus mimja and E.fulvus the outer empty glume is 4 nerved and lemma 

I and lemma II have a single median nerve. In Imperata cylindrica the two 
outer glumes are 4-nerved each while the two lemmas and the palea of lemma 

II are non-vascu'lar. There are only two stamens which are displaced towards 
the anterior side (Figs. 16 and 17). In all these grasses the pedicelled spikelet 
resembles the sessile one in its vascular anatomy. 



Fvcs. l-VT Fiss- 1-U Sacefcsrum cfivcfevsnan,— 1-4 Senal tmnsterat wctinos «C 
the rachis from base upwards Figs 7-13 Semi transverse sections of the sessile spikelet from 
base upwards. Fig- 14 T.S Abnormal spikelet showing two stamens Fig. 15 TS pedicelled 
spikelet. Figs. 1 6 and 17 Imperala cy Undnca transverse sections of the sessile spikefet. (ax, axis , 
gl, glome ; gy, gynoecmm. Id, lodicnlc, km, lemma; pa, pa lea, p apt , pedicelled spikelet, st, 
stamen, at, stamen-trace.) 

Sub-tribe: ischiminae 

In Ischaemum rugosum each spike is many jointed and each joint has 
a sessile and a pedicelled spikelet. In Aphid a mutica the inflorescence is 
a leafy panicle made up of many solitary, simple racemes or false spikes 
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Spikelets are present in threes— one sessile and two pedicelled. .Generally, 
one of the pedicelled spikelets is fertile while the other is imperfect and is 
represented by one or two glumes only. In both the grasses the sessile spike- 
let has a lower male floret and an upper bisexual perfect floret besides the 
two empty glumes. The pedicelled spikelet may be similar to the sessile 
one or may be reduced. 

Both the grasses resemble very much in the vasculature of the spikelets. 
Here, only the vascular supply of Ischaemum rugosxnn is described. In a 
transverse section of the stalk region of the spike there are a number of small 
bundles on the peripheral side and four large bundles lying in a row in the 
centre (Fig. IB). At the base of a joint there is a cavity in the centre (Fig. 19). 
Two of the large bundles migrate to the centre and form a vascular plexus 
(Figs. 19 and 20). From this plexus one bundle diverges out on the side 
on which two large bundles are already present (Fig. 20). These three bundles 
along with other smaller ones reconstitute the vascular supply of the axis 
(Fig. 21). The central plexus of vascular tissue now gives out a stout trace 
‘ b ’ on the other side and with the peripherals already present there, consti- 
tutes the vascular supply of the stalk of the pedicelled spikelet (Figs. 21 and 22) . 

The vascular tissue left in the centre after the departure of trace ‘ b ’ 
supplies the sessile spikelet (Fig. 21). It sends off a number of minute traces 
towards the peripheral side which along with those already present there 
'go to supply the outermost coriaceous glume (Figs. 22-24). Now the vascular 
tissue gives off one bundle on either side (X and Y) and then splits up into 
two vascular masses ‘ a 1 ’ and * a z one for each flower (Fig. 22). The bundles 

* X’ and ‘ Y’ split into three each (x 1} x z , x 3 , y v y 2 and y 3 ) of these ‘ x z and 

* y 2 ’ form the lateral nerves of lemma I; ‘ x 3 ‘y 3 form the two nerves of the 
bikeeled palea of lemma I while ‘ x 2 and ‘ yj again split into three each and 
supply lateral veins to the glume II, lemma II and its palea (Figs. 25-27). 

The median nerves to lemmas I and II are provided by the two vascular 
masses ‘ a{ and ‘ a 2 respectively (Fig. 24). After the departure of median 
nerve to lemma I, the vascular tissue * a z destined to supply the lower flower, 
sends out two traces l x and L for the two lodicules and then supplies one 
trace to each of the three stamens (Figs. 25 and 26). A minute trace left 
in the centre supplies the rudimentary gynoecium which is occasionally 
present (Fig. 26). The Icdicular bundles as usual divide into several minute 
strands (Figs. 27 and 28). 

The vascular tissue a z meant for the upper floret after supplying the 
lodicules and the stamens supplies the gynoecium in the usual manner (Fig. 28). 



fmm Ynt- hchaemum rugosum— Serial transverse s-ctions of’ the spik( 

k , / SV . F ' g " • 50 ' Api uda ntutua— XS of the spike passing through the sessile spike 
KU tear, cavity, Jl, flower; gjpt, sessile spikelet) 
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' -The stalk of., the pedicelled spikelet has a large; bundle .' ■b' derived -front 
the central plexus of vascular tissue -and this constitutes, the main, vascular 
supply of this spikelet (Fig. .28). The vascular supply, of the sessile spikelet 
of Apluda mutica is just similar' to that of l. riigosum. However, there are 
two pedicelled spikelets at a joint (Fig. 30). ' ' ' 

In the material studied here the pedicelled spikelet is exactly similar 
to the sessile one (Fig. 29). .Arber (1934), however, .described the pedicelled 
spikelet in this species as imperfect. Hooker (1897) also described it as 
quite variable. 

Sub-tribe rottboellinae 

A characteristic feature of the members of this sub-tribe is the concre- 
scence of the pedicel portion of the pedicelled spikelet with the axis of the 
spike. In Hemarthria compressa, Rottboellia exaltata, and Mnesithea laevis, 
at each joint there is a sessile spikelet and a perfect or imperfect pedicelled 
spikelet. In Ophiuros exaltatus there is no trace of the pedicelled spikelet. 
In Hemarthria compressa the sessile spikelet has two outer empty glumes and 
two florets; the lower is reduced to lemma and the upper is perfect and 
bisexual. 

In the stalk portion of the spike there is a peripheral ring of small bundles 
and in the centre there are four large bundles lying in two groups of two each 
(Fig. 31). Just below the nodal region the four central bundles come closer, 
anastomose and give out one stout trace * a ' for the sessile spikelet and one 
‘ b ’ for the pedicelled spikelet (Figs. 32 and 33). The bundle ‘ b ’ migrates 
towards the periphery and along with the peripheral bundles already present 
there constitutes the vascular supply of the stalk of the pedicelled spikelet 
(Figs. 33-35). The bundle ‘ a ’ meant to supply the sessile spikelet expands 
to form a vascular tissue which soon sends off a number of traces to the outer- 
most empty glume winch is coriaceous (Figs. 34 and 35). The central vascular 
tissue now gives off two bundles (x and y) one on either side which ultimately 
split into three each (x x . x 2 , x 3 ; y v y 2 and y 3 ; Figs. 35-37). Out of these 
‘ Xi and ‘ yf form the marginals of second glume. The median nerve for 
this glume is derived directly from the central vascular mass. The bundles 

* Xn * and * yd enter the base of lemma I and the remaining ones ‘ .v 3 ’ and 

• j r » supply the lemma II (Figs. 36 and 37). Both the lemmas are devoid of 
median nerves. The palea of the second floret is hyaline and non-vascular arid 
remains united at the base with the lodicules by its margins (Fig. 37). Tire 
central vascular mass now supplies the rest of the organs in the usual manner. 
Jn a few gynoecia a very .small outgrowth was noticed, on the posterior side 
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at the junction of the stylar branches with ovary proper reminding the Condi- 
tion observed in Trihcum aestnum (Chandra, 1962 n) 

At the base of the pcdicclled spikelet proper, the bundle ‘ b ' (derived 
from the bundles of the main axis) migrates towards the centre and expands 
to form a mass of vascular tissue (Fig 37) which supplies the different organs 
as m the case of sessile spikelet 

In Rottboelha exaltata each joint has a sessile and a pedicelled spikelet 
The stalk of the pedicelled spikelet is adnatc to the axis throughout its length. 
Each joint has a ball like structure at the base by means of which it fits into 
the concauty or socket of the joint below 

In the axis of the spike there arc four large central bundles and a number 
of small peripheral bundles (Fig 38) This seems to be a constant feature 
of all the grasses of the sub-tnbe Rottboellinae studied here Just below 
the node, the four central bundles migrate into the ball like structure to form 
a plexus of vascular tissue (Fig 39) This plexus as m Hemarthria conwrcssa 
gives out a stout trace ‘ a ’ and another minute brarch 4 b ’ and then splits 
up into the four large bundles which continue into the axis (Figs 40 and 41) 
The stout strand 4 a ’ along with some peripheral bundles constitutes the 
vascular supply of the sessile spikelet while the bundle 4 b ’ along with 4 or 5 
peripheral bundles constitutes the vascular supply of the pedicelled spikelet 

The sessile spikelet has two florets, a lower staminale and an upper 
hermaphrodite The strand 4 a ’ expands to form a mass of vascular tissue 
which after supplying the outer two empty glumes splits into two groups 
(n, and meant respectively for the lower and the upper floret (Fig 41) 
The vascular supply of the individual floret resembles that m other grasses 
(Fig 42) 

The pedicelled spikelet is generally imperfect The bundle ‘ b’ as usual 
forms a mass of vascular tissue at the base of spikelet proper and supplies 
the first, second glumes and other vestigeal organs 

In Ophiuros exaltatus the spike has a number of joints each having a 
ball like structure at the base and a concavity at the top As in Rottboelha 
exahata and Mnestthea leans this ball fits into the cavity of the joint below 
The solitary sessile spikelet present at each node has two florets, an imperfect 
lower and a perfect hermaphrodite upper one 

In a transverse section of the spike just below a joint there are a number 
of small bundles towards the peripheral side of the axis and four or five large 
bundles towards the inner side (Fig. 43) At the base of a joint the four or 
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Figs. 31-50. Figs. 31-37. Hemarthria compressa — Serial transverse sections of the spike 
from base upwards. Figs. 38-42. Rottboellia exaltata— Transactions of the spike from base upwards. 
Figs. 43-49. Ophiuros exaltatus. Figs. 43 and 44. Transcctions of the spike. Figs. 
45-49. Transections of the sessile spikelet from base upwards. Fig. JO. Mncsithea taevis — 
Transection of the sessile spikelet showing six lodicules. (bl, ball-like structure.) 
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large bundles come m the centre and enter the ball of the upper joint 
where they form a plexus of vascular tissue At the nodal region a prominent 
tVace diverges out from the central plexus into tHc cortex for the solitary 
sessile spikelet Soon after divergence it gives off a number of traces to the 
outermost empty glume which is very thick and coriaceous (Fig 44) The 
vascular tissue left behind gives out three traces — one median on the side 
opposite the first glume and two laterals (x and y) The remaining mass of 
vascular tissue now resolves into two components ' and * a,’ for the lower 
and upper floret respectively (Fig 45) The bundles ‘ and ‘ y t * resolve 
into four each which go as lateral nerves to seco id empty glume lemma I, 
lemma II and palea of lemma II (Figs 46-49) Median traces to lemma I 
and II are provided by the vascular masses ‘ a± and ‘ a»' respectively which 
supply other organs of the floret in the usual manner 

A detailed study of the morphology and vascular anatomy of the spike 
and spikelets of Mnesithea laeus has alrcadj been made earlier (Chandra, 
1958) Since then in one spikelet six lodicules instead of the normal two 
have been observed (Fig 50) Out of these, the two anlero laterals and one 
posterior were quite well developed and have rich vascular supply while the 
other three alternating to these weie smaller and with lesser number of vascu- 
lar bundles The occasional appearance of six lodicules is an important 
feature as it has never been recorded earlier in any grass except for certain 
Bambuseae where it is found as a normal feature {see Rowlee, 1898) 

Sub tribe sorghinae 

The inflorescence in the Sorghmae is a panicle of racemes often few 
jointed At each joint there is a pair of spikelets, a sessile and a pedicelled 
The sessile spikelet is awned and bisexual while the pedicelled is awnless and 
male Each spikelet is two flowered of which the lower is reduced to its 
lemma 

In Sorghum hale pens e there are two large bundles in the centre in the 
rachis and a number of smaller bundles on the outer side (Fig 51) At the 
base of a joint the two central bundles coalesce and supply the sessile spikelet 
(Figs 52 55) The outer bundles divide and three on one side enter the 
pedicel of the pedicelled spikelet while the rest continue in the rachis (Fig 55) 
The centra! vascular tissue supplying the sessile spikelet gives out a number 
of traces to the outer empty glume which is very thtek and coriaceous (Figs 56 
and 57) The stele again gives out one trace on either side (x and y T Fig 56), 
and then supplies three traces on the anterior side for the second empty glume 
(Fig. 57) The two laterals soon split up into two each (Fig 57) One of 
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hvo bundles one on either side enter the lemma I. The central mass of vascu- 
lar tissue again gives out a median trace for the lemma II which is fertile 
and awned (Figs. 58 and 59). The remaining mass of vascular tissue gives 
one trace to each of the two lodicules and subsequently three traces to the 
three stamens and then supplies the gynoecium, in the usual manner (Figs. 
59-61). The two lateral bundles continue into the stigmas. The plaea of 
lemma II is non-vascular and hyaline. The lodicular traces as usual divide 
and subdivide to form a large number of minute bundles. The vascular 
supply of the pedicclled spikelet is essentially the same as that of the sessile 
spikelet (Figs. 62-72). The glume II is, however, 5-nerved and the gynoceium 
of the upper floret is represented by a pistillode (Fig. 71). The lateral bundles? 
of lemma I and glume II arise conjointly. 

Vetiveria zizcmioides resembles Sorghum halepeuse in the vascular anatomy 
of the spikelets. 


Sub-tribe: andropogoninae 

In all the members of the sub-tribe Andropogoninae studied here the 
rachis is many-jointcd except for Themeda and Jseilema in which there are 
only a few joints. At each joint there is a sessile and a pedicelled spikelet. 
The sessile spikelet is awned and hermaphrodite while the pedicelled spikelet 
is awnless and staminate. 

In Dichanthium annulaium there are present four bundles in the rachis 
which anastomose and divide (Figs. 73 and 74). Three on one side migrate 
for the pedicelled spikelet while four bundles continue into the rachis (Figs. 75 
and 76). The mass of vascular tissue which is destined to supply the sessile 
spikelet soon gives out a number of bundles for the outer empty glume and 
three bundles, one median and two laterals for the second empty glume 
(Fig. 77). The central mass of vascular tissue again gives out a trace for the 
lemma II which is continued into an awn (Fig. 78). The lemma I and the 
palea of the lemma II are hyaline non-vascular structures (Fig. 78). The 
vascular supply to the two lodicules, stamens and gynoecium is as usual 
(Fig. 79). In the case of pedicelled spikelet the lemma II is also non-vascular 
and hyaline (Figs. 80-81). In Bothriochloa pertusa there is a pit present 
on the outer emtpy glume (Figs. 82 and 83). 

In Arthraxon ciliaris there are only two stamens which are antero-posterior 
and are of unequal height. Another important feature is that the awn is a 
lateral off-shoot of lemma II (Figs. 84 and 85). It may be recalled that in 
most of the members of the Tribe Andropogoneae it is a terminal structure, 
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being a direct continuation of the second lemma. In a cross-section, the 
awn at a loner level is horsc-shoc-shaped while at a slightly higher level it 
has thick-walled cells on the outer side enclosing a few thin-walled cells 
(Figs. 86 and 87). 

In Heteropogon contortus the sessile and the pedicclled spikelets in the 
lower region of (he spile arc all identical and staminatc. Each spilelet has 
two glumes, two lemmas, the lower sterile and the upper subtending a male 
Cower. In the remaining portion of the rachis there are heterogamous pairs, 
a sessile female spikclct and a pedicclled male one. The general plan o 
the vascular supply resembles that of Dichanthium annulatum. In one or ^ 
the male spikelets there were three lodiculcs instead of the normal two. Such 
a condition has also teen recorded earlier in Mnesithca taevis (Chandra, 1958). 
The lemma II is produced into an awn in the apical region. In apical region 
of the spikclct in a trans\crse section the lemma has a mid-rib region with 
a stout \ascular bundle and with margins curved towards the gyncccium. 
Higher up these margins arc cuncd in opposite direction. The vascular 
bundle also tcccmcs horse-shcc-shapcd in cross-section. In this transitional 
region of the lemma there arc only thin-walled cells which are bigger in size 
and arc wavy in outline. In the apical region, the awn has a central vascular 
strand embedded in thick-walled tissue (Figs. 88-SO). 

Cymlopogon martmii resembles Dichanthium annulatum in all essential 
details. The pedicclled spikelct (Fig. 92), howe'er, has got llirce glumes 
(gl x» gi 2 and lent. I), a rudimentary palca (po*) which is fused with the two 
lodicules at the base by its margins, three stamens and a vestigeal gyncccium. 
An important feature is the absence of lemma II while its subtended flower 
is present. 

In rheme da sp. the panicle has clusters of racemes subtended by a boat- 
shaped spat he. Each raceme is subtended by a leaf-like structure, the 
spaihcole and is composed of two joints the lower having a sessile herma- 
phrodite and a pedicelled staminate spikelet and the upper with a sessile 
bisexual and two pedicelled male spikelets The lemma II of both the sessile 
spikelets is produced into an awn. 

There are a number of bundles left after the departure of vascular supply 
to the pedicclled spikelet and the rachis (Figs. 93-96). These bundles supply 
the sessile spike’Ct Seme of them unite to form-a central mass of vascular 
tissue 'while the others rearrange themsehes on the periphery and pass out 
into the outermost glume which is thick and coriaceous with inflex ed margins 
(Figs. 96 and 97). The second glume has three bundles. A‘ nerveless and 
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'Figs. 92-107. Fig. 92. 1 Cymbopogon martinii. — T.S. or' £he pedicelJed sp kelet showing the 
absence of lemma n. Fig. 93-107. Themeda sp. Figs. 93-100. Serial transverse sections of the 
rachis and the sessile spikelet from base upwards. Figs. 101-107. Serial transverse sections 
of the pcdicelled spikelet from base upwards. 

hyaline l emma I is present opposite the second glume. The central vascular 
tissue now sends off a stout trace on the anterior side for lemma II which is 
reduced to its midrib region only (Figs. 97 and 98). Two traces now diverge 
out from the central vascular mass in the antero-lateral direction for the two 
lodicules (Fig. 97). The remaining mass of vascular tissue gives out one 
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trace each for the three stamens and then supplies the gynoecium in the 
usual manner Palea is absent altogether The margins of the I and II 
glumes are very tightly appressed together (Figs 98 and 99) The median 
nerve of lemma II divides into many branches m the awn region (Figs 99 
and 100) 

In a pedicelled spikelet in the stalk region there are a number of bundles 
which multiply at the base of the spikelet proper (Figs 101 and 102) Three 
or four bundles fuse on one side to form a mass of vascular tissue while the 
others migrate into the outermost glume which is thick and remains united 
at the base by its margins (Figs 103) The vascular tissue gives out one 
median and two laterals for the second glume (Fig 104) Lemma I and II 
are present but are vestigial structures (Fig 105) The palea of lemma II 
is also absent The remaining vascular mass supplies the two lodicules and 
stamens m the usual manner (Figs 106 and 107) 

In Iseilema anthephoroides the panicle consists of racemes occurring 
in clusters Each raceme has an involucral whorl of 4 male spikelets which 
are shortly stalked The involucral spikelets enclose a central awned fema e 
spikelet which has got a pair of pedicelled spikelets at the base each having 
a long pedicel surmounted by a male spikelet (Fig 108) 

Each involucral spikelet has two glumes, two lodicules and three stamens 
There is no trace of the lemmas and paleas of the two flowers In the pedicel 
portion there is one large central bundle and one or two smaller bundles 
on either side of it (Fig 109) A11 the bundles except for the marginal one on 
either side coalesce to form a mass of vascular tissue (Fig 1 10) This vascular 
tissue gives out a number of minute traces towards one side which along with 
the two already present there go to supply the outermost glume (Figs 111-114) 
The second glume gets one median and two lateral nerves one on either side 
These two glumes remain united at the base (Fig 113) The central mass 
of vascular tissue after supplying the two glumes gives out two traces (/ t and 

qtx the aaAwa latessi vAt ttve VcALwiles, viA tittsv vpArts v$> vaVa (tact 

traces for the three stamens (Figs 113 and 114) The lodicular bundles as 
usual divide into three to five minute branches 

After supplying \he involucral spikelets the axis has two large bundles 
and four smaller ones (Figs 115) The two large bundles unite to form a 
vascular tissue (Figs 116 and 117) The three small bundles also divide and 
out of the resulting bundles three on either side migrate into the pedicels of 
the pedicelled spikelets Rest of the small bundles enter the fused basal 
portion of the 1st and 2nd glumes of the central female spikelet (Figs 118-121) 
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Figs. 10S-123. Iseilema anlhephoroides. Fig. 108. T.S. of the spike showing 4 involucre 
spikelcts, one sessile spikelet and two pedicels of the pedicelled spikelcts. Figs. 109-114. Serial 
transverse sections of the involucral spikelet from base upwards. Figs. 115-123. Serial trans* 
verse sections of the rachis and the sessile spikelet from base upwards. ( i.spt , involucre) spikelet) 
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The 2nd glume gets one median bundle from the central vascular tissue also 
After the detachment of the two outer glumes, the lemma I separates off as 
a hyaline non-vascular structure A single strong median trace now diverges 
out from the central mass of vascular tissue for the lemma II which is produced 
into an awn (Figs 120-123) Two rudimentary lodicules and a palea may 
be present but they are non vascular (Fig 122) The vascular tissue left in 
the centre supply the gynoecium in the usual manner The stamens are, 
however, vestigial 

The pedicelled spikelets when present resemble the involucral spikelets 
but in the racemes sectioned heie for study they were reduced to their pedicel 
portions only 

Discussion 

Vascular Anatomy of the Spikelet — It will be worthwhile to describe 
here briefly the general ground plan of vascular supply of the spikelet in the 
Andropogoneae (Fig 124) Let us consider first of all those spikelets in 
which the lower floret is reduced to its lemma as m the majority of taxa 
belonging to this tribe In this case the vascular tissue meant to supply a 
spikelet after giving out a number of traces for the outermost empty glume 
gives out one bundle on either side (v and j) and then furnishes mid*veins 
to the glumes and lemmas The bundles * v’ and l y ’ divide and supply 
lateral nerves to the glumes, lemmas and paleac The remaining vascular 
mass supplies two traces to the two lodicules, three traces to the three stamens 
and then supplies the gynoecium in the usual manner 

In those cases where the lower floret is also developed and is staminate 
as in the subtribe Ischiminae and some of the Rottboellinae, the vascular 
tissue after giving out the lateral bundles ‘ x ’ and ‘ y ’ splits into two vascular 
masses * a x * and ‘ n 2 ’ meant respectively for the lower and upper floret In 
Ischaemum rugosum and Apluda mutica the lateral bundles of the glumes, 
the lemmas and the two paleac are derived from the bundles 4 * ’ and l y ’ 

It follows that in the majority of the Andropogoneae where the lower 
floret is reduced to its lemma, the bundles of the second palea arise conjointly 
with the lateral bundle of the two lemmas and the second empty glume 
In some of the members, however, the palea and lower lemma are non vascular 
and hyaline In those members where the lower floret is also present the 
bundles of both the paleae, the lateral bundles of the two lemmas and in some 
cases those of the glumes arise in the form of a single vascular mass on either 
side ( x and y) 
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as well as the floral axes (Chandra, 1962 a), so iruch so, that the bundles of 
the plaea (which belong to the floral axis) arise along with the laterals of the 
lemma 

Trends of Specialization m the Spike and Spikelets — As will be recalled 
there are two types of spikelets in this tribe — the sessile and the pedicelled 
ones At each node of the spike there is a sessile and a pedicelled spikelet 
except for the terminal portions of spikes where in some cases, there may 
be two pedicelled spikelets acccmpan>mg a sessile one In Apluda we find 
two pedicelled and a sessile spikelet as constituting the spike In Mnestthea 
lae\is there are two sessile and a reduced pedicelled spikelet at each joint 
(Chandra 1958) The pedicel of the pedicelled spikelet is either free or 
is concrescent with the axis of the joint as in the sub tribe Rottboellmae 
In some of the highly specialized grasses e g , Isedcma there is another set of 
mvolucral spikelets which resemble the pedicelled ores on being male or 
reduced Arber (1934) correlated the pedicelled character of the spikelet 
with sterility As an example, she cites Ischaemum rugosum where the pedi- 
celled spikelet is reduced to \arious extents in different parts of the spike 
In some species studied here Apluda mutica , Hemarthna conipressa and the 
members of the Sacchannae the pedicelled spikelet is developed to the same 
extent as its sessile companion In the members of the Sorghmae and the 
Andropogomnae the pedicelled spikelet has generally the lower floret reduced 
to its lemma and the upper being staminate In Rottoclha exaltata the pedi 
ce led spikelet is further reduced and is represented by a few glumes only 
In Mnesithea laeus it is represented by the concrescent pedicel portion, 
occasionally having some rudimentary organs (Chandra, 1958) In Opluuros 
exal talus there is no trace whatsoe\er of the pedicelled spikelet and there is 
only one sessile spikelet at each joint 


The spikelet m the Andropogoneae is basically two flowered with the 
, U n P f. er fl °, ret, 1 I s ^ ner !i !y P erfect and bisexual in sessile spikelet and staminate 
e pe ice e e lower floret is either staminate or reduced to its lemma 
!'; dcncy loward! the suppress.™ of the lower floret in 
hQle , of he sub ! ?™'y Pan.co.deae In some cases as m Heleropogon 
Zl '*"*'■ e,C ’ Sorac ° r ,he sess,Ie sp.kelets of a spike 
° nly Poll'd spdcelets art gene- 
of sex in the An US We ^ tbat tbere ls an VT £ C towards a segregation 
“he ma,or,tt r ° P °iT a n Th ' Fuelled spikelets tend to be male ,n 

ZoTZLrZ ^ '" Uk ' b u EKS ' le ™ e ,S el,her o' male (HCero- 

pogon contonui) It seems that thts tendency for separat.on of sexes finds 
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its ultimate expression in the tribe Maydeae where there are separate male 
and female spikelets which, as in maize, are grouped in separate inflorescences. 

There is yet another marked tendency in ihis tribe towards the elaboration 
of the outer empty glumes which are very thick and sometimes coriaceous. 
On the other hand the barren lemma of the lower floret and the palea of the 
upper floret tend to be hyaline and nonvascular as in the majority of grasses 
studied here. In some cases the palea is completely missing or is not very 
apparent due to its vestigial nature. The second lemma of the sessile spikelet 
is generally produced into an awn but as pointed out earlier the awn is a 
lateral structure in Arthraxon ciliaris and is not a direct continuation of the 
lemma II. The pedicellate spikelets which are generally male are awnless. 
In Cymbopogon martinii the lemma of the upper floret of the pedicelled spike- 
let is conspicuously absent although its subtended flower is present. In 
Imperata cylindrica the spikelet shows further reduction as both the lemmas 
and the palea of lemma II are nonvascular, lodicules are absent and there are 
only two stamens placed antero-laterally. In Arthraxon ciliaris, however, 
the two stamens are antero-posterior and are of unequal height, a unique 
feature in the Gramineae. The ultimate reduction of the spikelet is reached 
in the case of the involucral spikelets as those of Iseilima anthephoroides 
where there are only two firm outer glumes, two lodicules and three stamens 
in a spikelet, the entire lower floret along w'ith the lemma and palea of the 
upper floret being altogether wanting. 

During the course of the present investigation certain abnormalities have 
been recorded. Increased number of lodicules has been recorded for 
Mnesithea laevis and Heteropogon contortus. In Ii. conforms there were 
three lodicules in one instance instead of the normal two. The third lodicule 
occupied a posterior position recalling the condition obtained in the bamboos. 
Such a condition has earlier been recorded for Mnesithea laevis (Chandra, 
1958) and Sorghum halepense (Long, 1930). One abnormal spikelet of 
M. laevis was found to have six lodicules in a flower. Three of these, two 
antero-lateral and one posterior, were better developed and better vascularized 
than the other three alternating with them. The occasional presence of six 
and three lodicules as has been observed here, lends some support to the 
inference that the lodicules represent perianth members of the inner whorl 
and that the outer wdiorl and the posterior member of the inner whorl have 
become suppressed during the course of evolution. 

In some spikelets of M. laevis it has been observed that there is an occa- 
sional increase in the number of glumes (Chandra, 1958). Instead of two 
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outer glumes and two lemmas there were in one case two outer empty glumes 
and three lemmas out of which the uppermost was fertile It has also been 
found that m a few spihelets of this grass the rachilla is produced beyond the 
upper fertile floret as a minute non vascular outgrowth Randolph (1936) 
also found, in the pistillate spikclcts of Zca mays, a rudimentary rachilla 
extending bejond the insertion of the fertile floret m between the paleae of 
the fertile and sterile flowers Such examples seem to indicate that the two- 
flowered spthelet of the Pamcoidcae in general has been derived through reduc- 
tion from a multiflowered spikelet Further reduction of the lower floret 
after the attainment of two flowered condition has resulted in the uni flowered 
spikelet 


Summary 

The present paper deals wi h the vascular anaiomy of the spike and spike 
lets of twenty species of Andropogoneae The \ ascular anatomy of the 
spikelet indicates that there has been an abbreviation of the axes in the sp ke- 
let In the majority of the Andropogoneae where the lower floret is reduced 
to its lemma, the bundles, of the second palea arise conjointly with the lateral 
bundle of the two lemmas and the second empty glume In those members 
where the lower floret is also present the bundles of both the paleae, the lateral 
bundles of the two lemmas and in some cases those of the glumes arise in the 
form of a single \ascular mass on either side 

Attention has been drawn to the various trends of specialization m the 
spike and spikelets of this tribe There is a marked tendency for (he imper- 
fection of the pedicelled spikelet which may be variously reduced and m some 
cases is entirely unrepresented There is yet another tendency towards the 
e 1 at oration of the cuter empty gluires and the suppression of the lemma I 
and the palea II which tend to be hyaline and non vascular and in some cases 
are completely wanting 

Occasional increase in the number of lodicules has been recorded for 
Mnesilhea laeus and Heteropogon contortus 
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THE PRODUCTION OF VITAMIN B r -LIKE 
SUBSTANCES BY MARINE MICRO-ORGANISMS 

I General Surrey 
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(Microbiology Department, St Xa\ler s College, Fort, Bombay, India) 

Recsvcd September II, 1963 
(Communicated by Dr D V Bal, tasc ) 

Introduction 

Marine bacteria arc known to bring about various chemical changes in the 
sea , they mineralise organic matter (Wak'man, Carey and Reuszer, 1933), 
oxidise ammonia to nitrate, transform sulphur compounds, influence the 
phosphorous cycle (Renn, 1937), and are important geological agents which 
influence the diagenesis of sedimentary materials in many ways 

According to ZoBell and Feltham (1938), the bacteria also serve as an 
important source of food for certain animals and according to Luck, Sheets 
and Thomas (1931), even protozoa Since the availability of the nutrients 
in the sea may be insufficient for the growih of marine life, the bacteria 
probably provide the necessary nutrients through the products of their 
metabolic activity 

In addition, accessory growth factors or vitamins may be synthesized 
by bacteria (Burkholder, 1959) Vitamin B 12 activity has been reported m 
sea water b> several workers like Daisely and Fnher (1938), Starr (1956), 
Ka hmada, Kakimoto, Kanazawa and Kawazae (1957) and Daisely ( 1957 ) 
Since the vitamin is synthesized by micro organi'ms only, its presence in the 
sea is probably of microbial origin 

Accordingly, an attempt was made to isolate and identify some marine 
organisms and survey their ability to synthesize vitamin B 12 

Methods 

Sea water samples were collected from various places between 
18° 00 N— 72° CO E and 18° 52* N-72 0 85 E in previously sterilized glass 
stoppered bottles, following the method adopted by numerous early workers 
like Johnstone (1892), Heydenmch (1899), Abbott (1921), Whipple (1927) 
and Zilhg (1929) 

24 
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The sea is inhabited by many micro-organisms, differing widely in 
their cultural requirements ; hence more than one medium was utilized for 
their isolation. The four different media utilized for the isolation of bacteria 
were: 

1. Sea-water agar. 

2. Nutrient agar with sea-water base. 

3. Nutrient agar with 3% NaCl. 

4. ZoBell’s medium 2216 (1946). 

To isolate yeasts from sea-water a special method, similar to the one used by 
Kachwalla (1953), was adopted. This enrichment culture technique was 
done with Sucrose Yeast Extract medium. An attempt was also made to 
isolate actinomycetes using Czapek’s agar as modified by Dox (1910) and 
Conn’s agar (1916) media. 

All the isolated cultures were assayed for their vitamin B 12 activity, using 
the test organism Lactobacillus leichmannii 313 (7830), the method adopted 
being the one recommended by “ The United States Pharmacopoeia, 14th 
supplement, 1950”. Lactobacillus leichmannii 313 (7830) was used as the 
test organism, since Euglena gracilis var. bacillaris, the organism specific for 
cyanocobalamin failed to grow in the presence of the sample. This may 
be attributed to the presence of some inhibitory factor produced by the marine 
micro-organisms. 

Vitamin B JZ was liberated in the broth by adding 1 mg. /ml. of sodium 
metabisulphite to the broth culture and steaming for 15 minutes, as 
recommended by Pinto (1955). 

A tentative identification of the active isolates was then attempted, on 
the basis of their morphological and cultural characteristics on various media 
according to standard methods (Breed, Murray and Smith, 1957 and ZoBell 
and Upham, 1944). 


Results 

The isolation procedures resulted in the isolation of 131 pure cultures 
from 35 sea- water samples. These included 5 cultures of yeasts and 5 of 
Actinomycetes. 

After assaying, 103 isolates were found to possess vitamin B 12 -Iike activity 
varying from 0-l-5-80mgg./ml. However, the yeasts and actinomycetes 
failed to exhibit any vitamin-Bi 2 like activity. 
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Among the active isolates 57% were Gram positive in nature and 43% 
were Gram negative They fell into four groups 

1 Gram positive spore bearing bacilli 

2 Gram positive cocci 

3 Gram positive non spore bearing bacilli 

4 Gram negative bacilli 

Tables I-IV give the different groups with the strains identified lip to 
species wherever possible, and the vitamin B 12 like activity in the culture 
filtrate 

Table I 

Identity and vitamin Belike actnity of Gram-positi\e 
spore bearing bacilli 


Vitamin 

Isolate No Identity B ir lifce activity 

in nyig /ml 



Bacillus circulars 

0 26 

Cj 1 4 Q s 

Bacillus megatenum 

0 15-0 31 

Dj F„ L, Z* BB 4 

Bacillus cereus 

0 15-0 76 

e 4) n, 

Bacillus borborokoites 

0 15-0 78 

E S 

Bacillus cirro/lagellosus 

0 17 

E.,,1* 

Bacillus submar mus 

0 26-5 0 

E*,Ox A 

Bacillus pumilus 

0 18-0 26 

Ej 0 Lj Mj, M j, Nj Qi, Y 4 , 
AA, 

Genus Bacillus 

0 19-1 10 

K x 

Bacillus coagulans 

0 32 

h lt m 5 

Bacillus abysseus 

0 17-0 18 

N, A. Pi 

Bacillus immomarmus 

0 17—1 20 

Pt,R» 

Bacillus thalassokoites 

0 15-1 00 

Ri T„ Ux, Zx 

Bacillus epiphytus 

0 19-1 10 

V* 

Baallus fihcolonicus 

0 18 

AAx 

Bacillus subtihs 

0 30 

BBj 

Bacillus leicheniformis 

0 29 
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Table II 

Identity and vitamin B\Mike activity of Gram-positive cocci 



Isolate No. 

Identity 

Vitamin 
B 12 -like activity 
in mgg./ml. 

Ao, A3 


Micrococcus colpogenes 

0-44-0-52 

d 3 


Micrococcus caseolyticus 

0-24 

E^R^Y* 

Genus Micrococcus 

0-15-2-15 

F s 


Micrococcus luteus 

0-29 

Qs 


Micrococcus sedentereus 

0-60 

q 4 

1 

Genus Sarcina 

0-35 

v 3 


Micrococcus sedementeus 

1-65 

Zi 


Micrococcus conglomerate 

0-17 



Table III 



Identity and vitamin B 12r !ike activity of Gram-positive 
non-spore-bearing bacilli 


Isolate No. 

Identity 

Vitamin 
Bj 2 -like activity 
in m//g./ml. 

b 4 , e 9 . 

h 2 ) u 2 

Genus Brevibacterium 

0-18-1-90 

g 2 


Brevibacterium sociovivum 

2-0 

h 4 


Brevibacterium minutiferula 
* 

0-55 


Discussion 


Vitamin B 12 is the only vitamin which is synthesized almost exclusively 
by micro-organisms. Among those showing high synthesizing activity are 
the actinomycetes and members of the Baciilaceae family. Bacillus mega- 
therium is an excellent vitamin B a2 producer yielding 0 -8 fig./ml -(Garibaldi, 
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Ijichi, Snell and Lewis, 1953). Leviton and Hargrove (1952) reported 
Propionibacterium fieudnereichii yielding 3-4 ftg./ml. Burton, and Lochhead 
(1951) reported a yield of 1 /ig./ml. from Rhizobium meliloti. Species of 
Mycobacterium, Flavobacterium, Lactobacillus, Corynebacterium and 
Clostridium are some of the other micro-organisms that exhibit this activity. 
However, during the present investigations, species of Actinomycetes isolated 
from sea-water did not exhibit any activity. The isolates, showing compa- 
ratively higher activity, belonged to the genera Pseudomonas , Achromobactor , 
Micrococcus and Brevibacterium. 

Table IV 


Identity and vitamin B IZ -like activity of Grant-negative bacilli 


Isolate No 

Identity 

Vitamin 
Bu-like activity 
in m/ig./ml. 

Ai 

Pseudomonas calcis 

0-20 

B„ J, 

Pseudomonas felthami 

0-56-1-0 

B, 

Pseudomonas ambigua 

0*40 

B S ,M, 

Pseudomonas ichthyodermis 

0-36-0-88 

C,. C,. Fj, F„ F 4 , l„ K s , M 4 . 
N 4 , Oj, Pj, Qj, Rj, S x . BBj 

Genus Pseudomonas 

0-19-5-80 

D„D, 

Pseudomonas aztogena 

1- 15-5-0 

Eu 

Pseudomonas obscura 

0-28 

G, 

Pseudomonas streotropis 

2-62 

H. 

Pseudomonas membranula 

5-80 

T. 

Pseudomonas pleomorpha 

0-25 

C 4 

Achromobacter pest if er 

3-20 

d„k 5 - 

Achromobacter thalassius 

0-17-0-30 

Is. K,, BB, 

Genus Achromobacter 

0-50-5-50 

Y. 

Achromobacter stationis 

0-31 

D. 

. Genus Flavobacterium 

0-54 


Flavobacterium fucatum 

0-85 

k 4 

Flavobacterium marinovirosum 

0-28 

B*. Vj 

Genus Vibrio 

0-20-1-70 

x* 

Genus Photobacterium 

0-15-0-36 

N. 

Spirillum virginianum 

0-80 
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Since L. leichmannii is known to give response to deoxyribosides and in 
particular thymidine besides vitamin B 12 , a differential assay with alkali- 
treated samples was carried out, which showed that all the L. leichmannii 
activity in the sample was due to vitamin B 12 -Iike substances and the possi- 
bility of any substances other than cobalamins was thus eliminated. 

Marine bacteria are reported to be highly versatile physiologically and 
are believed to be capable of attacking nearly any kind of organic substrate 
and many inorganic compounds (ZoBell, 1946). In the course of the present 
study it was found that a majority (77-6%) of the isolates were able to fer- 
ment glucose with the formation of acid while only two of them produced 
gas. According to ZoBell and Grant (1943) all heterotrophic marine bacteria 
are able to assimilate glucose although only 46 out of 60 cultures tested by 
ZoBell and Upham (1944) formed acid from glucose and none of them pro- 
duced gas. In contrast with the soil and freshwater bacteria, only 11-6% 
of the isolates fermented lactose. Other sugars fermented by the isolates 
were sucrose (67%), maltose (57-2%), mannitol (45-6%), glycerol (29-1%), 
arabinose (20-4%) and xylose (12-5%). 

Marine bacteria are also reported to be able to attack most kinds of 
proteinaceous materials (ZoBell, 1946). Nearly all the isolates were found 
to be able to liberate ammonia from peptone and about 63% could liquefy 
gelatine. However, only a few (10%) were able to liberate detectable quanti- 
ties of indole from tryptophan. Although many workers like Bavendamm 
(1932), Bertel (1935), ZoBell and Feltham (1935) and ZoBell (1946) have 
reported abundance of urea fermenters in the sea, only about 6% of the isolates 
were found to decompose urea with the formation of ammonia. Most of 
the pioneer workers like Russell (1893), Fischer (1894), Vernon (1898), Gazert 
(1906) and Graf (1909) have demonstrated in the sea bacteria capable. of 
reducing nitrates. ZoBell and Upham (1944) found 34 of their 60 species 
with the same ability. In our experiments 63 of the 103 isolates were able 
to reduce nitrate to nitrite. Casein, starch and fats were also found to be 
hydrolysed by many of the isolates. 

Microbial transformation of sulphur compounds is also one of the chief 
functions of the bacteria inhabiting marine environments. About 50% of 
the isolates were found to be capable of forming hydrogen sulphide. Ellis 
(1932) demonstrated from 10,000 to 3,000,000 saprophytes per gram of bottom 
deposits from the Clyde Sea, nine-tenths of which liberated hydrogen sulphide 
from albuminous materials. ZoBell (1938) found 10,000 to 1,000,000 
hydrogen sulphide producers per gram of bottom sediments from the Pacific 
Ocean off the coast of California. 
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The data collected so far have shown that the sea does contain a bacterial 
flora capable ot synthesizing vitamin B 1S like factors and these bacteria must 
be the sources supplying the vitamin needs of various forms of life present 
in the marine environment 


Summary 

One hundred and thirty-one cultures were isolated from 35 sea-water 
samples and assa>ed for vitamin B 15 -likc activity using Lactobacillus 
leichmamui 313 (7830) The active isolates were identified up to the species 
wherever possible adopting standard methods 
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Introduction 

The bacterial flora of the sea is characterised by exceptional biochemical 
versatility. Marine micro-organisms are reported to be able to produce extra- 
cellular organic substances (Lucas, 1955; Lewin, 1956 and Fogg, 1937) as 
well as certain intracellular substances like vitamin Bi 2 (Starr, Jones and 
Martinez, 1957). 

Such metabolic activities of these micro-organisms are however greatly 
influenced by the environmental conditions. The presence of a favourable 
substrate is one of (he most important factors influencing (he metabolism 
of (he organisms. It could, therefore, be possible to alter one or the other 
biological properties by varying the substrate composition. 

The production of antibiotics has been reported to be affected by the 
nutrition of the streptomyces (Johnstone and Waksman, 1947 ; Duleney, 
1948; Woodruff and Ruger, 1948 and Perlman and Obrien, 1956). Studies 
have also been carried out on the vitamin B 12 synthesis and the nutritional 
requirements of these organisms (Garibaldi et al, 1951 ; Wood and Hendlin, 
1952 and Kurz and Nielsen, 1958). 

A variety of carbon and nitrogen sources have been used by different 
research workers for vitamin B l2 production. Various carbohydrates include 
glucose (Petty and Matrishin, 1950; Burton and Lochhead, 1951), fructose 
(Garibaldi et al, 1951), maltose (Petty and Matrishin, 1950), xylose (Wood 
and Hendlin, 1952), sucrose (Garibaldi et al, 1951 ; Halbrook, Cords, Winter 
and Sutton, 1950). Alcohols like glycerol (Garibaldi et al, 1951), sorbitol, 
mannitol (Petty and Matrishin, 1950) and other complex carbohydrates like 
soluble starch, cane and beet molasses (Garibaldi et al, 1951 and Wood and 


B3 
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Hcndlin, 1952), and malt extract (Petty and Matnslnn, 1950) ha\e also been 
used 

Many comp'cx nitrogenous materials have also been reported for vita- 
min Bu synthesis Wood and Hendlm (1952) have reported the use of beef 
extract, blood meal, distiller’s solubles, dried yeast, fish meal, fish solubles, 
casern and us enzyme digests, salmon waste meal and >east extract The 
use of soya bean meal was reported by Burton and Lochhead (1951) and many 
others (Hodge, Hansen and Affgcier, 1952, Saunders, Otto and Syhester, 
1952, Squibb and Sons, 1953 , Hester and Ward, 1954; Pagano and Greens- 
pan, 1954 and Pfeifer, Vognovich and Heger, 1954) Other substances used 
are defatted mustard, oilseed cakes (Chatterjce, et al , 1957), copra meal 
(Hodge, Hansen and Allgeier, 1952), peptone (Petty and Matrishin, 1950 
and Burton and Lochhead, 1951), skimmed milk and whey (Reyiew of 
Chemical and engineering News, 1949) and dried grain slop (Bennett, 1954) 

Various worl c-s ha\c also reported the usefulness of growth factors in 
the production of antibiotics, enzymes and vitamm B lt Gunsalus and 
Bellamy (1944) observed that pyridoxal stimulated the formation of certain 
enzyme sjstcms to bacteria Costa-Pereira (1962) found thiamine useful 
for enhancing the production of antibiotics from actinom>cete$ Hall and 
Tsuchiya (1950) during their study on Flaiobacterium de\orans found that 
the addition of PABA, niacin and calcium pentothenate to the medium 
enhanced the production of the vitamin factor 

Hence, the stud} or the effect of different substrates and mineral salts 
on ihc growth and vitamm Bj. sjnfhesis was undertaken with 10 isolates on 
the basis of their vitamin Bi : synthesizing ability A detailed study was also 
made of the effect of various carton and nitrogen sources on the growth and 
the production of vitamin B lt -like factors with one selected isolate 

Materials and Methods 

The ten different isolates selected for the study were 
B* belonging to genus Breubacicrlum 
C 4 Ackromobacicr pcstifer 
Di Pseudomonas azoiogcna 
Gj Pseudomonas sicreotropis 
Hi Pseudomonas membrcnula 
Ii belonging to genus Pseudomonas 
1, belonging to genus Adjomobacjor 
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N 4 ‘ belonging to genus Pseudomonas. 

V 3 Micrococcus sedementeus. 

Y x belonging to genus Micrococcus. 

Their vitamin B 12 -like activity ranged from 1 -90-5 -80 mag./ml. in broth 
•filtrate. 

The eight different media used were : — 

(a) Czapek’s medium (modified by Dox, 1910). 

( b ) Conn’s medium (Conn, 1916). 

(c) Farben-fabriken Bayer’s medium (Farben-fabriken Bayer, 1952). 

(d) Burton and Lochhead’s medium (Kerrawala, 1958). 

(e) Synthetic sea-water medium (ZoBell, 1946). 

(/) Hall’s medium (Hall and Tsuchiya, 1951). 

(g) Saunder’s medium (Saunders, Otto and Sylvester, 1952). 

(h) Coconut cake medium (Pinto, 1955). 

For the mineral salt studies, the synthetic medium of Farben-fabriken 
Bayer was selected. The effect of nine different salts was studied by 
omitting each salt at a time and observing its effect on the growth and 
the vitamin synthesis. 

The carbohydrates selected for the study were arabinose, rhamnose, 
glucose, fructose, mannose, galactose, maltose, lactose, soluble starch, dextrin, 
glycerol, mannitol, dulcitol, sorbitol and inositol. The complex sources 
of carbon included malt extract, molasses, com syrup and jaggery. 

The basa medium consisted of essential mineral salts and casein hydro- 
lysate. The carbon source in the original medium totalling 1-25% was substi- 
tuted by the test carbohydrate in the same concentration. The complex 
sources were incorporated in 1% concentration. 

The various nitrogen sources included inorganic nitrogen sources like 
NaNO s ; nd NH 4 Cl, organic amides like asparagine and urea and various 
amino-acids. The complex nitrogen sources of vegetable origin were gram 
meal, soya bean meal, millet meal, sesamum oilcake, coconut cake, white 
pea, mung ( Phaseolus radiatus ), wheat meal, corn steep liquor and wheat 
bran. Those of animal and microbial origin were peptone, tryptone, 
bactopeptone, proteolysed liver, casein hydrolysate, meat extract, yeast extract 
and skimmed milk. 

The usefulness of riboflavin, choline, folic acid, inositol, calcium pento- 
thenate, nicotinic acid and para-amino benzoic acid was also investigated. 
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The nitrogen sources were incorporated m the medium on the basis 
cf 70 mg of N. per 100 ml of the basal medium wherever possible The 
ccmp'cx sources cf vegetable orig n uc*c used m the ferm of aqueous extract 
of the flour A 10% solution of the meal was autoclaved at 15 lb pressure 
for half an hour The resulting paste was filte'cd through lint The filtrate 
obtained was made up to its ongnal volume This aqueous extract was 
used instead of wa’er m the p-eparation of m^dia The substances of animal 
ortgn wc'e added in 1% concentration The vitemns were added to the 
synheuc medium in concentrations of 20j«g/ml 

Results and Discussion 

During the study on growth and production of vitamin B«-hhe activity 
in various media, excellent results we c obta.rcd on the synthetic medium 
of Farben fabnken Bayer as seen m Table I The growth as well as the pro- 
duction of vitamin B, 2 like activity in Czapek’s and Conn’s media was very 
poor SmeeBurton and Loclihcad’s and synthetic sea-water media w c-c highly 
nutritive, both the growth and production of vlic vitamin activity were good, 
though the response of all the isolates was not uniform. With the complex 
media it was obsc-ved that, to some extent, Hall’s and Saunder’s media were 
well utilized for the production of vitamin B u -hkc factors, though* in general, 
the growth was not satisfactory 

TTem the results obtaircd on Farben fabnhen Bayer’s medium and the 
synthetic sea vvatc- medium it was «ccn that the presence of various mineral 
salts had a very significant effect on the growth as well as the vitamin activity 

Table II indicates the effect of various mineral f alts, and frem this it 
can be safely concluded that the presence of various mineral constituents 
is very essential to the growth as well as the synthesis of the vitamin B^hke 
factors and the absence of one or the other of the constituent minerals 
considerably affects the growth and/or the vitamin B lt synthesis. 

Th.s may be attributed to the presence of various mineral salts and 
various excretory products of marine life in the sea water Nutrition end 
metabolism of marine fcacte-ia have been studied mdetai! byMadeod, Onofrty 
and Norris (1954), Maclcod and Ocofrey (1956-57) and Temhnson and 
MaeVod (1957) and certain metallic ions have teen known to enhance the 
growth of marine micro-organisms Thus Farben fabnhen Bayer’s and 
synthetic sea water media could serve as a rich source of mineral salts end 
the variation was reflected m the growth as well as the production of the 
vitamin factors 



Table I 

Vitamin B n -li!ce activity of (he ten isolates in various media. Vitamin B n -Iike activity in ntpg./mL 
in broth filtrate as assayed by L. leichmanni and Growth in media Nos. 
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Table II 

The effect of mineral salts on iitannn B 12 -hke acti\ity and growth of the ten 
isolates Vitamin Bu-like actiuty in ni^g jml. in 

broth filtrate with the omission of 



NaCl | 

(NH«)sHPO« | 

k 2 hpo 4 

JUS0 4 7Hj0 
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Idtrtity ~ 

Growth Vit 

Growth Vit 

Growth Vit 

Growth Vit 

Growth Vit 


+ 

_ 

4 

- 

4 4 0-75 

4 

0-25 | 

44 

1*00 

c« 

4 

- 

4 

- 

444 0*95 

44 

0-55 

444 

2*00 

D| 

44 

1*75 

444 

1-10 

444 1-00 

44 

1*25 

444 

2 80 

c, 

+ 
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44 

- 

4 4 0-B0 

44 

1*10 
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Table III 

The effect of carbohydrates on the growth and . 
vitamin B n -like activity of / 3 


Carbohydrate 

Growth 

Vitamin 

in 

m^g./ml. 

1. Arabinose 

++ 

2-00 

2. Rhamnose . . 

++++ 

5-10 

3. Glucose 

- • +++ 

3-10 

4. Fructose 

+++ 

3-50 

5. Mannose 

~r + 

2-25 - 

6. Galactose 

-- +*f — b + 

5-35 

7. Maltose 

+++ + 

5-00 

8. Lactose 

+ 

1-90 

9. Soluble starch 

+ + 

1-25 

10. Dextrin 

. . 4 — f- 

3-85 

11. Glycerol 

++ 

2-10 

12. Mannitol 

++ 

2-65 

13. Dulcitol 


2-00 

14. Sorbitol 

++++ 

5-35 

15. Inositol 

+++ 

3-S5 - 

16. No carbohydrate 

+ 

• * 





The complete failure of the isolates to produce the factors in the absence 
of cobalt is probably due to its being an essential precursor for the synthesis 
of cobalamins. 

The observations in Table III show the weakly saccharolytic nature of 
the selected isolate. The growth varied considerably with individual carbo- 
hydrates, affecting the production of vitamin B 12 -like factors also. Rhamnose, 
galactose, maltose and sorbitol were utilized better than the others, whereas 
lactose and soluble starch served as very poor carbon sources. Although 
various carbohydrates have been recommended for vitamin B l3 production 
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only feu haxc been effective mostly in the cose of Streptomycetcs and Esdc 
n ha strains* 

Among the complex carbon sources tried (Table IV) malt extract gate 
the best results, but the values obtained were much lower than tho f c obtained 
with the carbchjdrates 

Table IV 


The effect of complex carbon sources on growth 
and utamrn B lt 'hke actiuty ofI s 



Carbon source 

Growth 

Vitamin m 
in/ig /ml 
m broth 
filtrate 

1 

Jaggery 

+++ 

3 SO 

2. 

Molasses 

+++ 

3 50 

3 

Com syrup 

++++ 

3 75 

4 

Malt extract 

+++ 

4 00 


The results obtained with various hinds of synthetic nitrogenous sources 
arc presented in Table V This study rocaled the inability of the inorganic 
salts to enhance the production of vitamin B n -liKe factors, although the growth 
was good Howcter, the organic amides, urea and asparagirc gave slightly 
better results Among the amino acids, histidine and prolire gate the best 
results, while ljcire and tryptophan had detrimental effects on the production 
of the vitamin factor but the growth was not affected The three sulphur* 
containing amino acids tested gate tery poor results, «pccia!ly methionine, 
in the presence of which the isolate completely failed to produce the vitamin 
factors st-ggestirg a \itaimn 'paring action of the oigam m, s mi Jar ob'erva- 
tion havirg been reported by AyTcs (19C0) In general, it can be *een that 
the results agree with the previous observations made by Ostrcff and Henry 
(1939), regarding the utilization of simple amino- acids as so’e sources of 
nitrogen 

The results obtained with the vegetable and animal nitrogenous sources 
can be observed in Table VI In the former case the best vali.es were ofctaired 
with gram meal, soya bean meal, sesamun od-cale, white Pea and murg 
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- - • ' Table V 

Effect of various synthetic N 2 -compounds on growth and 
vitamin B 12 -like activity of / 3 


Nature of 
compound and 
identity 

- 

"Growth 

Vitamin in 
m/ig./ml. 
in broth 
filtrate 

1. Inorganic N 2 Source 
(a) NaN0 3 


+++ 

3-35 

(b) NH 4 C1 

. . 

+++ 

3-00 

2. Organic Amides 

{a) Asparagin 


+++ 

3-85 

(b) Urea . . 

•• 

+++ 

4-75 

3. Amino-acids 

(a) Histidine 


4 — h+ 

5-00 

( b ) Arginine 


++ + 

4-00 

(c) Lysine 


+++ 

2-00 

(d) Proline 


-1 — h+ 

4-70 

(e) Serine 


++ + 

3-90 

(/) Triptophan 


++ + 

2-10 

(g) Threonine 


+ 

M0 

(/;) Leucine 


++ + + 

5-10 

(/) Isoleucine 


H — M — f- 

5-50 

( j ) Alanine 


++++ 

4-75 

(k) Glycine 


+4 — 1 — h 

4-00 

(0 Valine . . 


+++ 

4-60 

(m) Aspartic acid 


+++ 

5-25 

(n) Glutamic acid . . 


++++ 

4*75 

(o) Tyrosine 


+++ 

5-00 

( p ) Phenylalanine 


+++ 

4-50 

(q) Methionine 


+++ 

• • 

(r) Cystine 


+++ 

2-10 

Is) Cysteine 


+++ 

2-00 

(0 Nil 

• - 

+ 

* * 
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Table VI 


The effect of vegetable and animal N z sources on growth and 
vitamin B 12 -like activity of h 


N a Source 

Growth 

Vitamin in 
mpg./ml. 
in broth 
filtrate 

A. Vegetable Source 

1. Gram meal 

4- 4- 4- 4- 

5-10 

2. Soyabean meal 

4- 4- 4- 4- 

5-45 

3. Millet meal 

4-4-4- 

3-00 

4. Sesamum oilcake 

4- 4- 4- 4- 

5-65 

5. Coconut cake .. 

4-4-4- 

3*90 

6. White pea 

4- 4- 4- 4- 

5-00 

7. Mung {Phaseolus radio- . . 

4- 4- 4- 4- 

5-90 

tvs) 

8. Wheat meal 

4-4-4- 

4-00 

9. Com steep liquor 

4-4-4* 

2-25 

10. Wheat bran 

4-4-4- 

4*30 

11. Nil 

4- 


B. Animal Source 

1. Peptone 

4- 4- 4- 4- 

5-70 

2. Tryptone 

4- 4- 4- 4- 

5*65 

3. Bacto peptone . . 

4- 4- 4- 4- 

5-55 

4. Proteolysed liver 

4- 4- 4- 4- 

6-15 

5. Casein hydrolysate 

+4* 4-4- 

5-60 

MeiAtsKW, .. 

4-4-4- 4- 

S-4A 

7. Skimmed milk 

4- 


8. Nil 

4- 


C. Microbial Source 

1. Yeast extract . . 

4--4-4- 

6*20 


(Phaseoha radiatus). Coconut cake, wheat meal and com steep liquor gave 
very low values, w hich was quite contrary to Kerrawala’s (1958) observations. 
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that these gave excellent results during her study on vitamin B 12 production 
by actinomycetes. Among the various animal and microbial nitrogen sources, 
yeast extract and proteolysed liver gave the best values. The results obtained 
with the latter can be attributed to the fact that liver itself is a good source of 
the factor as well as its precursors. On the other hand, skimmed milk hindered 
the production of the vitamin factor, which could be expected, since the orga- 
nism had failed to proliferate in it during the identification experiments. The 
overall effect of both the nitrogenous sources was good, the animal nitrogenous 
sources proving slightly more beneficial than those of vegetable origin. 

The vitamins due to their growth-enhancing properties were found to 
exert a beneficial effect on the growth and the production of the vitamin B 12 -like 
factors (Table VII), calcium pentothenate and para-amino benzoic acid were 
found to have the highest beneficial effect. The rest of the vitamins gave 
lower values and to some extent had a slightly detrimental effect on the pro- 
duction of the vitamin factors. Hallbrook et al. (1950) also reported similar 
effects of choline on vitamin B 12 synthesis. 

Table VII 

The effect of added vitamins on the growth and 
vitamin B n -like activity of I* 


Vitamin in 



Vitamin 


Growth 

m/tg./ml. 
in broth filtrate 

1. 

Riboflavin . . 

. . 

+++ 

4-90 

2. 

Choline 

- - 

-j-H — b + 

5-25 

3. 

Folic acid . . 

- . 

+ + + 

5-25 

4. 

Inositol 


++ 

4*25 

5. 

Calcium pentothenate 

+ + + 

5*90 

6. 

Nicotinic acid 


+ + + 

5*45 

7. 

PABA 

. • 

+ +++ 

6*25 

8. 

Nil 

, , 

+ + + + 

5*72 • ■' 
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Thus, a medium, rich m mineral salts, growth factors and comp’s* 
nitrogen sources of animal origin and a suitable carbon source, would sent 
as an ideal substrate for the growth of marine bacteria and their production 
of vitamin Bjr^Tc factors 


Summary 

The effects of different substrates and the presence and absence of vinous 
mineral salts were studied with respect to the growth of and the synthesis of 
vitamin B u -like factors of ten different marine isolates A detailed study 
was also made of the effect of various carbon and nitrogen sources on the 
growth and production of vitamin B 12 like factors by one selected isolate 
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Introduction 

The genus Chaetospermum was established by Saccardo (1892) for a fungus 
at first described as Tuber cularia chaetospora (Patouillard, 1888). Altogether, 
four species had been grouped under this genus since its inception, and 
recently, a new species has been reported from Indiaunder thename C. camelliae 
(Agnihothrudu, 1962). Except the last-named, no other species of the genus 
has been recorded from this country. Since August, 1960, the author has 
observed and made four gatherings of fungi belonging to the genus. This 
paper gives an account of these collections as new to this country and includes 
the author’s comments on C. camelliae. Specimens have been deposited 
in the herbarium at Commonwealth Mycological Institute, England. 

1. Chaetospermum chaetosporum (Pat.) Smith and Ramsb. in Trans. Brit. 

Myc. Soc.. 1913, 4, 318-30. 

On rotting stems of Dahlia sp.. Coffee Research Station, Balehonnur, 
India, 16-8-1962, T. R. Nag Raj, Herb. IMI 95833, Fig. 8. 

The conidia in this collection measure 30-42x8-13 p with filiform setae, 
7-12 in number at each pole, 32-65 p long. 

2. Chaetospermum elasticae Koord. In Bot. Untersuch., Java, 1907, p. 244; 

Syll. Fung., 10, 706. 

The species was described from a collection made on decaying leaves of 
Ficus elastica in Kedu Province, Java. 

The following description is based on the author’s gatherings which are 
referable to this species: 
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Pjcmdia mnate-erumpent, mostly scattered but occasional!], gregarious 
and confluent, circular to irregular, hemispherical in section, 
300-350 x450-500/1 in size, gelatinous, pearl white when moist, but jcllowtsh- 
brovvn when dry, wall 25-50 /» thick, composed of mterwo\en, hyaline, 
branching septate hyphae , conidiophorcs arising from fertile hyphae lining 
the cavitj of the pyemdium, filiform erect, hyaline, continuous, often attain- 
ing considerable lengths, conidia acrogenous, in clusters of two or occa- 
sionally three borne one shgh’Iy above the other, cylindrical with rounded or 
obtuse ends, straight or slightly cursed, continuous, h)alme, 20-25 x4-6n, 
bearing 2-4 setae at each end , setae tnchifonn, h> aline, erect or slightly bent, 
developing on the lateral wall of the conidjum, subapical, 15-20/* long 

On dead twigs of Cqffea canephora. Coffee Research Station, 12-8-1960, 
T R. Nag Raj Herb IMl 86739, Figs 1-5, on deca}ing bark of 
an unknown tree Coffee csearch S Rtation, 21-8-1960, T R. Nag 
Raj, Herb IMl 99087, Fig> 6-7 



FjOS 1—5 Ovseior^rmnm elsstiea* Herb IMl 1 6739 Fit- 1 Pycnid- 1 • R*. 2 
Section of pyemdium. Fit- 3 Cocid-ophore wvi coeidu. Fit- 4 Mature coni* Loca 
^rtscMin xnateniL Fit 5 Muat coc*i* Iron culture. 
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. U the hrst coUectionthe fungus « . Z‘L^ 

bated in tbs laboratory in moist ehambere for ^ appellied> at tot as 

and a pure culture was obtained. In 7 8 B and confluent, hemi- 
scattered minute bodies, later SSngwhite, acquiring a final dimension 
spherical to globose, erumpent and gbsterungwn , argcr <j im enstons 

5 800-900 „ in diam. In culture, the “"^ cnidia appear cupulate 
than those produced in nature. At wtoai V P escent . in the 

due to the apical wall becoming sunken or entire y 
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second gathering the dimension of the conidia ranged from 1 6-24 x 3-5 n 
with setae 16-21 p long 

A third gathering on leaves of Artocarpm wtegnfoha differs from the 
foregoing in the shape of the conidium, position of the setae on the comdium 
and in the dimensions of the comdia as well as of the setae Mr Sutton, 
Assistant Mycologist, Commonwealth Mycological Institute, England con- 
siders that these differences fall well within the broad limns of C elastfeae 
Koord While this treatment is perhaps preferable to naming it as a new 
species, the author is of the opinion that these characteristics are quite 
distinct and necessitate the disposal of the collection as a variety of 
C clasticae 

Chactospermum elastitae Koord var artocarpi var. nov 

Pycmdia fohcola, subepidermaha, innato-erumpenUa, mucosa, globosa 
vel subglobosa, panctibus crassis, 280-630 x 140-310 p Conidiophon crccti, 
hyalini, contmui, breves Comdia acrogena, bina \el tema \cl cuam quutcma, 
elhptica vcl oblongo-ellipUca, hyalina, contmua, 15-26x4-6/*, ad utrunque 
apicem terms vel quaterais setis instructa. 

Typus lectus in fohis emortuis Artocarpi mtegrifohac , ad Coffee Research 
Station, Balehonnur, die 27 augusti 1962, T R Nag Raj, Herb 1M1 99088 
Chactospermum clasticae Koord var artocarpi var nov 

Pycmdia folicole, subepidennal, mnate-erumpent, gelatinous, globose 
to subglobosc with thick walls, 280-630X 140-310/* Comdiophorcs erccl, 
hyaline, continuous, short Comdia acrogenous, m clusters of 2 to 3 or 
even 4 elliptical to oblong-elliptical, hyaline, continuous, 15-26x4-6/» 
in size, bearing 3 to 4 setae at each end Setae polar, hyaline, 9 5—14 /* long 

On dead rotting leaves of Artocarpus integnfoha, Coffee Research Station, 
Balehonnur, 27-8-1962, T R Nag Raj Type m Herb IMI 99088, Fig 9 

Concinung Chactospermum camellne Agnih 

Agmholhrudu (1962) described this species from a collection made from 
pruned tea bushes at Tocklai Experiment Station m Assam The comdia 
in this species were described as solitarv cylindincal comdia, l6-26x 3-6 /* 
in size, bearing a total of 5-9 setae confined to cither end of the spores ard 
14-22/1 long Through the htndrc's of Mr Sutton, Commonwealth Mjco- 
log cal Institute, England, the author was enab’ed to examine the material 
ascribed to this species The material sent by him comprised of a culture 
of the fungus on Elm twig> and was labelled * Chactospermum camelhac Agnih 
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ex type collection’ and bore the accn. No. Herb. IMI 82409. The material 
was compared with the author’s collections of C. elasticae. The characteristics 
of the conidia and setae and their dimensions are in agreement with those 
in C. elasticae and for this reason the author is of the opinion that 
C. camelliae is identical with C. elasticae. 

Conidial development in C. elasticae 

The mode of development of the spore and its setae in Chaetospermum 
chaetosporum was described by Fonseka (1960). A similar study was 
undertaken by the author on C. elasticae from local collections and incidentally 
on C. camelliae from the material received from England. Parallel behaviour 
was observed in these two species. An account of the developmental stages 
is presented below and illustrated in Fig. 6, a-h. 

The conidiophores arise as short erect branches of the fertile hyphae 
(Fig. 6, a). The conidia develop as small papilla at different points on the 
terminal part of the growing conidiophore. The v/all connecting the conidio- 
phore and the conidia is drawn out into short sterigmata and the conidia 
appear inserted one slightly above the other (Fig. 6, b, c, d). An early septum 
is laid down between the conidia and the conidiophore. While the conidia 
are growing, the setae appear as short blunt processes (Fig. 6, d, e, f) in 
C. elasticae in a subapical position on the outer wall of the conidium and in 
C. elasticae var. artocarpi in a polar position. The protoplasm in the young 
setae seems to be gradually withdrawn and when mature the setae are not 
stained by cotton blue and acid fuchsin. They are not separated from the 
conidium by septa. The mature conidia are carried into the central part of 
the pycnidium by the elongation of the sterigmata (Fig. 6, g) and of the 
condiphores as well. The conidia are released by the dissolution of the wall at 
the point of their attachment to the sterigmata on the conidiophores. Under 
dry conditions the pycnidia shrink in size and the shrinkage is accompanied 
by irregular ruptures in the wall. When such pycnidia again come in contact 
with water they swell and the conidia are liberated into the water through 
the cracks in the wall. 


Summary 

Chaetospermum chaetosporum and C. elasticae are recorded as new to 
India. A new variety of C. elasticae is described. The author is of the 
opinion that C. camelliae is identical with C. elasticae. Conidial development 
in C. elasticae and C. camelliae is described and the two species correspond 
with each other in this feature as well. 
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1. Introduction 

Fish production from impounded waters is assuming great importance with 
the ever-increasing need for animal protein. Great deal is therefore to be 
learnt about the limnology of such impoundments which present peculiar 
ecological conditions in that the biotope presents partly a lotic and partly a 
lentic characteristic. Reed and Olive (1956) remarked that very few investi- 
gations were made on the biological productivity of sharply fluctuating 
“ Lakes ”, i.e., impoundments. As reviewed earlier (Sreenivasan, 1963 a) 
a few accounts are available on impounded waters of temperate climatic 
countries. Very recently, Harding (1961) published the first report on a 
tropical impoundment in Africa. Studies on the plankton of Woods Reser- 
voir, Tennessee, were made by Yeatman (1956) while Prowse and Tailing 
(1957) studied the plankton variations and the physico-chemical conditions 
in a “ River lake ”. Madras State has now a large number of impoundments 
for irrigation and power generation and based on the successful experience 
in fish production in Stanley Reservoir, similar programmes have been taken 
up in other reservoirs also. Schuster et at. (1954) have dwelt on the problems 
involved in fish production from impoundments. 

2. Material and Mbthods 

Water samples from various depths were collected with a Friedinger 
sampler twice a month or at least once a month. Analyses were made as 
enumerated earlier (Sreenivasan, 1963 a). Electrical conductivity was tested 
by the Dionic water tester and expressed in micro mhos. 

3. Morphometric Features of the Reservoir 

The impoundment is formed by the construction of a dam beiow the 
confluence of the rivers Bhavani and Moyar near Pongar village, 20 km. 
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from Sathvamangalam The reservoir encloses 30 2sq miles (19,300 acres) 
of water spread at full reservoir level The volume of water at this level is 
28.700 mcfi (8127 > 10 m 9 ) The maximum depth of the reservoir (2) 
at FRL is 122 ft (36 9m) The mean depth (Zm ) is 37 I ft (113m) 
flic volume dcve f opmcnt ’ (Welch 1948) is l 0 and the ‘shore develop- 
ment ' 4 0 

4 Microcljvjvtojoov or me Arla 

The drtlv atmospheric temperature wind vclocit) and rainfall (averaged 
fur etch month) arc presented in Table J 

Tabll 1 (a) 

Mclcoro'ogtcal conditions and data on the resenoir Icie/s of Bha\anisagar Res rxoir 


1961 


Month 

(1) 

Temperature 
of ur C 

maximum minimum 
(2) 0) 

Wmd 

velocity 

mph 

(4) 

Reservoir level 
n above MSL 
maximum minimum 
(5) 

Rainfall 

mm 

(9 

Inflow 

mef) 

O) 

Outflow 

mcfl 

(8) 

Jmuan 

31 0 

1-56 

913 9 

90) 8 

Jfi 0 

4382 

10,5 <0 

T driers 

33 3 

Nil 

904 5 

886 3 

101 8 

5 177 

14,815 

Verth 

34 4 

3 51 

885 5 

8G8 7 

Nil 

2.811 

8,543 

April 

38 0 

3 57 

8(8 5 

873 1 

l 0 

3.164 

1,754 

Mas 

37 8 

5 49 

873 2 

879 7 

"9 6 

4 624 

2,169 

June 

3* 7 

4 39 

880 0 

89 ( 6 

rg 8 

22.520 

3,142 

Juh 

V 7 

2 91 

901 6 

918 5 

40 4 

62 470 

47,120 

Airi't 

no dita 


9JS 5 

918 6 

18 5 

7,026 

8.448 

SeptcmVtr 



918 6 

916 8 

is 5 

7026 

8,448 

Oc*cK- 



916 6 

91 f 4 

189 9 

8 872 

9/84 

Ni ven 'xr 



91 S 6 

9 U 3 

179 4 

1< voo 

14 490 

DeetMe' 

39 4 

1 96 

91< 5 

910 7 

40 4 

5 461 

9>P 
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Table I ( b ) 

Meteorological conditions and data on the reservoir levels of Bhavanisagar Reservoir 


1692 


Month 

(1) 

Temperature 
of air 0 C. 

maximum minimum 

(2) (3) 

Wind 

velocity 

m.p.h. 

(4) 

Reservoir level 

Ft. above M.S.L. 
maximum minimum 

(5) 

Rainfall 

mm. 

(6) 

Inflow 

m.cft. 

(7) 

Outflow 

m.cft. 

(8) 

January 

. 29-4 

19-3 

2-7 

910-4 

902-0 

4-6 

3,922 

9,228 

February . 

. 30-8 

23-3 

1-34 

901-8 

899-2 

192-7 

5,151 

6,460 

March 

. 29-0 

24-8 

1-28 

899-0 

892-4 

3-3 

3,947 

5,857 

April 

. 32-7 

29-2 

2*43 

892-1 

892-8 

32-5 

3,338 

2,887 

May 

. 33-8 

26*0 

3-26 

892-9 

900-2 

89-7 

6,530 

2,117 

June 

. 34-0 

25-8 

4*47 

900-3 

900-6 

27-7 

39,020 

3.318 

'July 

. 32-7 

26-3 

6*65 

900-5 

914-9 

22-3 

23,240 

13,160 

August 

. 32-3 

25*2 

5-95 

915-0 

915-3 

83-6 

13,980 

13,570 

September 

. 32-9 

24-9 

3-29 

915-3 

916-3 

50-0 

9,826 

9,057 

October 

.. 31-0 

23-7 

1-60 

916-2 

917-9 

218-2 

1,991 

18,330 

November 

.. 30-8 

21-3 

0-89 

917-9 

917-5 

43-4 

8,156 

8,320 

December 

.. 31-0 

21-0 

0-79 

917-6 

916-8 

191-6 

9,638 

9,727 

5. Physico-Chemical Conditions of the Water 


Ut data are represented in Figs. M but the salient points are presented 


here. 

fit Temperature. — During 1961, two peaks of temperature were noticed, 
„„„ ( „ Mar ch-May (Summer) and the second m November. The highest 
one m M y , in November and the lowest in January. 

^Ty"SetteftiXe temperature of 24‘C. and low^t bottom 
This year reco sincc the forniat i on of the Reservor. During the 

ISflSB also the bimodal temperature maxima were recorded, one in April 
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and ihe other in November The water temperature was lowest in Januarj 
this year, in contrast to previous scars The maximum difference between 
the surface and bottom was only 2 5 c C noted in October A feeble thermal 
stratification was noticeable in July and October Nearly homo thermal 
conditions were seen during January August and September 



re i i k, 2 

IM. t 2. r t- 1 Bhavanisapir Reservoir Hydrological Cood ttom 1961 Fie 2. 
lihivanssajrar Rocrvcnr Hydrological Cond txntt, 1962. 


(it) Duwhcd oxigen— Following the very high level of supersatunsbon 
»n December 1960 (Srccnivasan 1963 a) in Januars 1961 a slight degree of 
supersaturation of oxvgcn was noticed For the rest of the year it did not 
recur Sc'ere o\>gen deficits were noted from March to June and from 
October to December 1961 

The sut<acc water was saturated over 50 per cent throughout the >ear 
Jhc trend of ‘cveic hvpolurnaf oxvgan deficits was continued during 1962 
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also. In October 1962, very little difference in oxygen concentration between 
the surface and the bottom was noted. A slight degree of supersaturation 
was noted in March', August and November-December 1962. The hypo- 
limnion was saturated over 50 per cent, only from July to October. The 
depth-dissolved oxygen curve (Figs. 3, 4) shows that usually only up to the 
top 5-0m. the water was well oxygenated. 

(iii) pH value . — The variations in pH value were not striking both during 
1961 and 1962. The highest pH value of surface-water during 1961 was 
8-7 and during 1962 it was 8-5. The lowest pH value of surface-water was 
in July 1961 (pH 7-5) but during 1962 it was lower still — 7-3 in January. 
pH stratification was common. 

(jv) Carbon dioxide and alkalinity . — During 1961, free carbon dioxide 
was present in surface-water only in July whereas it was absent from bottom 
water only in January. Carbonate alkalinity was a mirror-image of this. 
The bicarbonate alkalinity increased from January till June in the surface 
water and then dropped abruptly. In the hypolimnion the drop occurred 
in June following heavy influx of floodwaters. During 1962. free carbon 
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dioxide was present only in January m surface-water. As in the previous 
year a fall in bicarbonate alkalinity after floods was noted in July. The 
bicarbonate alkalinity of hypolimnion was usually higher than that of the 
epilunnion. 



(v) Electrical conductivity.— This is an index of electrolyte content and 
is proportional to total dissolved solids. The conductivity drops steeply 
after the July floods. It varied inversely with the reservoir water level. The 
conductivity war higher in the hypohmnetw water than in surface-water. 
A positive parallelism also existed between the electrical conductivity and 
the bicarbonate alkalinity or hypolimnion. 

(if) Chloride. — This was rather low— 6*0 to 11 -Op pm. only and no 
significant variations were noticed during 1961 and 1962. 

(rii) Hardness —This ranged from 40 to 54 p.p.m. throughout 1962. 

(rul) phosphate, silicate and nitrate. — Throughout 1961, soluble in- 
organic phosphate was absent. During 1962, phosphate was detected in 
quantities of 0 04 to 0 08 p p-rn. in February. At those periods, it occurred 
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eilso in the rivers Moyar and Bhavani. In April and June also it was found 
in the reservoir. At other periods it was absent. In December * total phos- 
phorus ’ was present in quantities of 0-208 to 0-225 p.p.m.' 



jrilAMJJASOMO 

Fig. 5. Phytoplankton (Total) of Bhavanisagar Reservoir. 


■Silicate content varied from 2-0 to 12-0p.p.m. during 1961. High 
silicate content was noted from February to June while low quantities were 
noticed from October to December. During 1962, silicate varied frem 0-0 
to 15-lp.p.ni. It was present in fairly high quantities from February to 
May, low from June to October. The highest concentration was in December. 

Nitrate . — Nitrate was absent throughout the years 1961 and 1962. How- 
ever, during certain periods nitrite was detected especially below 12 m. depth. 

6. Plankton 

Plankton volume was not high and zooplankton was negligible 
ip numbers. During 1961. two peaks of phytoplankton were noted, one in 
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January and the other m December But during 1962, the peaks were m 
March and June Figure 5 shows the monthly variations in phytoplankton 
numbers The occurrence of important species among the phytoplankton 
is detailed in Fig. 6 A calendar of plankton is furnished in Appendices 1-2 
Among the phy toplankt ers, the dominant groups were the diatoms, blue- 
green algae and the flagellates Nitzschia and Melosira were the ubiquitous 
diatoms The more populous among the blue-green algae were Microcystis 
and Oscillotoria Pcndmium also occurred frequently 


J 



TV). 6. Dominant Phytoplankton Species of Bhavarmagir Reiervoir 


7 Reservoir Level— Inflow and Outflow 

Lowest storage level in the resenoir was in April which is a period of 
low inflow, and further, water required for irrigation has been drawn oJT 
From May the resenoir level increases due to greater influx and reduced 
outflow The full resenoir level is reached and maintained in December 
The fluctuation in water level is not high or sudden The maximum fluctua- 
tion in a month occurred in July 1962 (15 ft) During the storage penod 
of August to December the water level is constant TheJ inflow -outflow 
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of water influences the physico-chemical conditions of the water as well as 
the development of plankton. Maximum inflow is in June, July and August 
whereas the greater outflow is in July, August and October-November. 

8. Discussions 

(a) Thermal conditions— As disscussed previously (Sreenivasan, 1963 a), 
depth variations in temperature were not sharp. Only on two occasions 
a weak thermal stratification was indicated during 1962. The largest fluctua- 
tion between the highest and lowest surface temperature of any year, occurred 
during 1961 — 6-9° C. The local air temperature did not influence the thermal 
conditions of the reservoir during 1961 as in previous years. Only in January 
1962 did the lowest temperatures of water and atmosphere coincide. Though 
the maximum atmospheric temperature occurred in June 1962, the water 
temperature showed a downward trend. Local wind velocity and rainfall 
may not explain this but the influx of cool floodwaters from the hills should 
be the cause, as cited earlier. The high bottom temperature, a characteristic 
of tropical waters (Ruttner, 1953) lends stability to the water layers and 
prevents mixing up despite the small temperature difference between layers. 
This could be seen from the fact that the surface and bottom layers did not 
completely mix up even during the great floods of July 1961. Only in 
September 1962 was homothermy noted — this mixing up being due to heavy 
outflow of cooler water. Withdrawal from bottom prevents stratification 
(Tarzwell and Palmer, 1951; Vivier, 1960). Reed and Olive (1956) noted 
that wind broke down even a thermocline of stratum, 43-50 ft. 

( b ) Oxygen regimen of the reservoir . — Compared to the previous five 
years, oxygen supersaturation was rare during 1961 and 1962. Stratification 
of oxygen was a common feature and hypolimnial oxygen deficit was severe. 
Usually, below 5 • 0 m. a sudden drop in oxygen occurs. Such deficits occurred 
from February to June and in December of 1961 and from January to April 
and November-December 1962. The rivers Moyar and Bhavani were better 
oxygenated and the deficit was less severe in them. Hence it is presumed 
that the semi-static condition of the water of the reservoir and the oxygen- 
consuming activity of bottom layers are responsible for this. Further, it 
is seen that the ‘ Klinograde ' oxygen curve is broken during periods of influx 
of floodwaters. viz.. June. July, August and September 1962 and July 1961. 
Harding (1961) has shown that in Lake Kariba oxygen deficit was a resultant 
of thermal stratification. But in our case a semblance of thermal stratifi- 
cation was noted only in July and October 1962 while oxygen deficit was not 
high duringTthcse months. The poor oxygen content of the water during 
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1961 may be attributed to low level of photos) nthesis resulting from heavy 
influx of floodw-aters during this year This would lead to high ‘flushing 
rate’ (Brooks and Woodword, 1965) The * flushing rate * for the year 1961 
was 82 days and for 19*62 it was 93 days 

The positioning of the ‘ intakes ’ (or discharge sluices) has a bearing on 
the oxygen regime of the reservoir, as well as that of the river downstream 
Dunng summer months — March to May-oxygen depletion occurs in the 
hypolimnion of the reservoir and hydrogen sulphide is present The stench 
of hydrogen sulphide is noticeable near the outlets The river ‘intakes’ 
(sluice) is at a very low level (p/ns 815 ft above MSL) and the discharge 
carries away the oxygen depleted water But this did not affect the oxygen 
content of the river downstream Oxygen estimations carried out indicate 
that rcaeration takes place within 100 m from the sluice gate— sometimes 
even at a distance of 20 m the oxygen content is well over 6 Omg/L (that 
of the reservoir water at that level being zero) This discharge of de-oxy- 
genated water of the reservoir, also helps to maintain a fair degree of satu- 
ration in the epilimmon— preventing possible distress to fishes Vmcr (1960) 
also found that presence of sluices at lower levels improved the oxygen content 
of upper layers 

(c) pH value , alkalinity , etc — -The high pH values reached during previous 
five years (Srcemvasan, 1963<z), was not prevalent dunng 1961 and 1962 
As in the case of dissolved oxygen, reduced photosynthetic activity is the 
likely reason for this The pH and alkalinity arc comparable to those of 
Missouri Reservoir and Randalls Reservoir described by Shields (1958) 
The bicarbonate content was lower dunng 1961 and 1962 in companson 
with previous years The bicarbonate content of the hypolimnion was 
usually higher than that of the surface due to tropholytic activities releasing 
carbon dioxide Though oxygen deficit in the hypolimnion is used as a 
measure of productivity (Thienemann 1928, Saha 1959), Ohle (1952) feels 
hypohmmal accumulation of carbon dioxide is a better index. The foregoing 
discussion supports this view Hutchinson (1957) opines that vertical distri- 
bution of carbon dioxide reflects in a way the vertical distribution of oxygen 
deficit Ycatman (1956) also noted that at depths the water will be less 
alkaline or neutral of acid because of the carbon dioxide resulting from 
respiration of zoo plankton and that produced by decomposing activities 
The low hardness of the water is due to low quantities of sulphates, and 
chlorides or calcium magnesium as well as that of alkali metals The lower 
concentration of carbonates and bicarbonates during and following the floods 
indicates that these are not leached out from the drainage basin and must 
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have been produced by decomposers in the hypolimnion. Electrical conduc- 
tivity decreased after-floods confirming this opinion. The alkalinity, hardness 
and electrical conductivity of Bhavanisagar Reservoir was less than that of 
Stanley Reservoir (Sreenivasan, 1963 b). EdmondSon (1956) noted a distinct 
increase in conductivity in the bottom, as in our case (Fig. 2). He feels the 
change in conductivity in a way permits useful interpretations in limnology. 

(d) Other constituents . — Nitrate was absent at all times examined at 
all depths during 1961-62. Soluble inorganic phosphate was absent through- 
out 1961 but during 1962 it was present during February, April and June. 
In December, “ Total phosphate ” was present in quantities ranging from 
0-208 to 0-225 p.p.m. As observed earlier (Sreenivasan, 1963 a, b ) absence 
of phosphate or poverty in these tropical reservoirs is a very notable feature. 
Clearly, the rivers do not bring any phosphates nor does the bottom ooze 
release any into the over-laying waters. Ruttner (1953) makes it clear that 
* no direct relationship exists between the quantity of total plankton or of 
individual species present at any one moment and the content of nutrients 
measurable at the same time.... ’. From the point of view of providing 
drinking water supply this fact may be favourable to sanitarians (Tamvell 
and Palmer, 1951), but as far as fish production is concerned this is un- 
favourable. Rapid turnover of the meagre phosphorous resources is assumed 
since very little is left in the water for estimation. An interesting feature is 
the appearance of nitrite in intermediary layers. It is not clear whether 
this is the result of nitrification or reduction of nitrate but considering the 
low oxygen content of these layers, the latter seems to be more probable. 

(e) Plankton. — Quantitatively, the volume of net plankton in this reser- 
voir is almost negligible— less than 0-05ml./I0L. The poor development of 
plankton may partly be due to edaphic conditions and partly due to continuous 
inflow and outflow of water. There was no correlation between temperature 
and plankton numbers, which supports Tailing’s view (1957) that temperature 
is unlikely to modify directly the distribution of phytoplankton. The peaks 
of plankton numbers occur, at different periods during the two years. The 
major peak occurred in January in 1961 but in 1962 it was during July. 
Phytoplankton was more abundant during 1962 than during 1961. The 
virtual absence of phytoplankton from July to November 1961 might be 
due to excessive floods. 

The seasonal abundance of six dominant species is indicated in 
Fie. 6. These also show no uniform pattern from year to year. During 
J961, Microcystis was present in large numbers only in January-February, 
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the cooler months whereas during 1962 its abundance was noted only m 
August OsciUatorm, the other blue green alga, reached a peak in Ma> 
1961 but during 1962, it was in April Diatom peak, w-ith dominance of 
Nitzschia, was reached in December 1961 but during 1962 it was abundant 
for the major part of the >ear except October-Nov ember April 1962 witnessed 
an outburst of Nttzschia and Melos tra but this did not lead to supersaturation 
of oxygen Pediastrum had its peak in January decreased subsequently 
and was not recorded after June 1961 In 1962 its peak was noted in October 
Pendmlum occurred sporadically both during 1961 and 1962 Supersatura- 
tion of oxygen occurred during November December 1962 though phyto* 
plankton was not abundant Griffith (1955) also did not find any correlation 
between oxygen saturation and phytoplankton Seasonal changes in ph>to- 
plankton communities have been noted by Hartman and Graffins (1960) in 
Pymatuning reservoir 

The edaphic factors, uz , the basic soil type (vide Sreemvasan, 1963 a) 
are unfavourable for high biological productivity (Tarzwell and Palmer, 1951) 
Brook and Woodward (1956) think that only rapidly reproducing species 
such as Synedra, Cydotella, Chroomonas, Dmobryon, etc, can succeed in 
reservoirs with continuous inflow-outflow But, in Bhavamsagar Reservoir, 
we find that these occur rarely whereas certain blue-green algae and diatoms 
occur more often plankton develop mainly in the surface-w'ater of the open 
reservoir and in littoral areas since these are practically undisturbed, the 
outflow occurring through the low-level discharges (Kimscy, 1958) 

Tailing (1957) found that silicate content of Lake Victoria varied from 
7-11 mg/L, somewhat similar to our results He also noted a correlation 
between phytoplankton and slowing down of current The high numbers 
of Nltzschia during December 1961 coincided with low silicate levels Prowsc 
and Tailing (1958) in their work on a Nile ‘ river lake * found that Afeloslra 
was the onl> alga likely to cause depletion of silica The occurrence of total 
phosphorus in November December 1962 coincides with poor phyto- 
plankton population Possibly, decay of the plankton had released phosphates 
Yeatman (1956) thinks that temperature is one of the chief external factors 
influencing seasonal succession but this is not true in Bhavamsagar Reservoir 
High phytoplankton populations espcciallv of \1yxoph\ceae f were noted in 
an impoundment in Pennsvlvama by Toon and Jackson (1952) Similar 
situation has not yet arisen in Bhavamsagar Reservoir 

(/) Physical features — Thu reservoir has a volume development o r 
1 0 but this is shallower (mean depth 11 3m) than some other reservoirs 
like Mettur and Amaravath) This might increase the euphotic zone and 
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thereby the photosynthesis. Primary production experiments (Sreenivasan, 
unpublished) shows the compensation depth to be invariably not less than 
5*0 m. However, the wave action and the fluctuating water levels practically 
create a littoral desert — absence of vegetation or bottom fauna or “ aufwuchs ” 
community in the littoral zone. Edaphic factors are none too favourable 
for productivity. Except for a month or two after floods, the water is clear 
and light penetration is good (Seschi disc visibility not less than l-0m.). 
The inflow-outflow rates influence the physico-chemical conditions and 
plankton abundance. Compared to the years 1959 and I960, when the 
“ flushing rate ” and “ replacement quotient ” were over 120 days, during 
1961 they were 82 days and 76 days respectively. This did not permit large 
increase in plankton. During 1962, when the “replacement quotient” 
and “flushing rate” were 117 days and 93 days respectively, the plankton 
was more abundant than during 1961. In fact from June to November 1961 
the phytoplankton was negligible. During the three months, June to August, 
2/3rd of the entire years’ inflow and 46 per cent, of the years’ outflow took 
place. The more pronounced effect of the influx of floodwaters from June 
to August was to reduce the water temperature, decrease the methyl orange 
alkalinity (bicarbonate) and the electrical conductivity. It also reudced 
the oxygen deficit in the hypolimnion by mixing up the layers. Ruttner 
(1953) feels that inflow-outflow is one of the most radical depletion factors 
carrying away a part of the plankton and causing impoverishment of the 
strata concerned. The closure of the canal sluice (level plus 845 ft.) from 
April to June leads to severe oxygen depletion but its effects on temperature 
is not so manifest. Chalupa and Cervenka (1958) also noted that “ contrary 
to lakes, in reservoirs, specific conditions are established where changes cannot 
be expected as in temperature regimen of lakes The findings of these 
authors on the thermal and oxygen regimen of Sedlice Reservoir in 
Czechoslovakia almost resemble the conditions noticeable in Bhavanisagar 
Reservoir. Drachev (1962) in Russia found that oxygen consumption in- 
creased with a decrease in the discharge of water into the river which in turn 
coincided with the inflow rate. This is true also in Bhavanisagar Reservoir. 
However, his remarks that winds are of predominant importance in mixing 
up in the reservoirs is not valid for our reservoir. Tropical reservoirs seem 
to be a separate class differing in many respects from impoundments in 
temperate regions. Further studies on such reservoirs is warranted. 

Summary 

The hydrological conditions of the Bhavanisagar Reservoir and the 
plankton for the years 1961 and 1962 are detailed. There seems to be some 
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difference in physico-chenucal conditions during these two years when com- 
pared with the data of previous five years Thermal stratification was rare but 
oxygen deficit in hypohmnion was severe Supersaturation was rare and 
the higher pH values noted between 1956-1960 were not recorded during 
1961-62 The electrical conductivity increased with depth and showed 
seasonal changes paralleling the changes m bicarbonate content Deficiency 
of nutrients, phosphate and nitrate continued as usual though the silicate 
content was normal The plankton organisms occurring in different months 
are listed Excessive inflow and outflow' restricted plankton blooms. The 
effect of the position of discharge sluices on the oxygen regimen and 
temperature are discussed 
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appendix 1 

Phytoplankton Calendar of Bha\anisagar Resenoir 
1961 


Cyanopjiyceae 

Microcystis 

Oscillatoria 

Merismopcdta 

Anahaena 

Mteroeoleus 

Spiruhna 

CirLOROPHYCEAE 

Pedmfrunt 

Ordogonium 

Evdorina 

Desvods 

Staurastrum 

Cosmanum 

Flagellata 

Pendimum 

Trachelomonas 

Diatowaf 

Synedra 

Nancula 

Nitzschia 

Plevrostgm* 

Amphora 

Cydotelln 

Gomphonema 

Frapleria 
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January to October 

Apnl-June August*October 

June, August, September, December 

Apnl-May 

February, May-June 

June 


January-June, October-November. 

June 

August 

January, May-June, December. 

August, December. 

February, April-June, September, December. 
August, November. 


. . August-October. 

. . August-October. 

February, June-July, September-Deceraber. 
.. January. February, Apnl-June, December. 
.. June 
.. August. 

. . September, December. 

. . October. 

. . October. 
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1962 

Cyanophyceae 

Microcystis . . January-February, June, August, November. 

Osciilatoria . . February-April, June. August, November. 

Meriimopedia . . February, June, August-December. 

Microcoleus . . February, April, July, November. 

Holopedium . . July, September, December. 

Cylindrospermum . . July. 

Anabaena . . September, December. 

Chlorophyceae 

Pediastrum . . July-October, December. 

Dictyosphaerium . . August. 

Desmid 

Staurastrinn .. June, July, September-December. 

Cosmarium .. February, July-September, December. 

Ankistrodesmus . . January. 

Scenedesmus • ■ September. 

Clasterlum . . September. 

Euastrum . . December. 

Flagellata 

Peridiniwn .. February, March, July-December. 

Trachelomonas . . March, July-August. 

Diatoms 

Nitzschia .. June-September, November-December. 

Navicula .. January, March-April, June-October, December. 

Melosira .. February-April, June-September, December. 

Siephanodiscus . • February, June-July. 

Synedra ■■ March, June, December. 

Cyclotella .. July-September, December. 

B2 
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Zooplankton Calendar of Bha\amsagar Resen otr 

1961 

Protozoans 


Difflugia 

February-March, May-June 

Rotifers 

Brachionus 

January-August. 

Diurclla 

February, May-June, August. 

Anuraea 

February, July. 

Asplanchna 

August 

Monos t) la 

January-May 

Floseularia 

March-June 

Tolyartkra 

. . February-July. 

Trlarthra 

.. July. 

Hydatma 

.. May 

Crustacean 

Nauphus 

.. February, May-July. 

Coptpod 

. . January-October. 

Cladocera 

.. February, June-August, October 

1962 

Protozoans 

Dijjlugla 

, , April. 

Coleps 

. . September. 

Rotifers 

Brachionus 

, . Apnl, August-October. 

Diurclla 

.. February, June, August 

Anuraea 

. February, April, August-September. 

Ptcrod.na 

. . March- April 

Asplarchna 

. . Apnl 
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Floscularia 

Polyarthra 

Triarthra 

Tetramastix 

Anapus 

Crustaceans 

Nauplius 

Copepod 

Cladocera 


■ . February, March, June, August-October. 
. . February, April, August-October. 

. . August. 

. . April. 

. . September. 


. . February-March, August-October. 
. . April, July-August, October. 

. . July-August, October. 



CHROMOSOME NUMBERS IN SOME 
MEDICINAL COMPOSITES 
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(Communicated by Dr L D Kapoor, f-a.sc.) 

Some cytological work has been done in medicinal Composites growing m 
different parts of India, but very little work has been done on the plants 
growing in Jammu and Kashmir areas It is now an established fact that 
m nature varieties with different chromosome numbers occur in the same 
species of plants In the medicinal plants such geographical races are also 
bound to show differences in their drug content, so, a cytological survey has 
been undertaken for some of the medicinal Composites growing m J and K 
State Cytological observations have been made mostly from pollen mother 
cells and root-tip cells In some, leaf squashes were also used Materials 
were fixed in I 3 Acetic alcohol mostly, but in some, a modified fixative 
was also utilized Preparations were made permanent by using N*But>l* 
alcohol Acetic acid series and mounted in Euparal All drawings were 
made with the help of a camera lucida, at the level of Table and from the 
permanent preparations only Chromosome numbers of the plants marked * 
arc reported for the fust time, while in others the previously reported chromo- 
some numbers have been confirmed 

The chromosome number of medicinal plants studied is given in 
Table I 

A diploid Artemisia \ulgan$ (2n = 18 and n = 9) has been found w 
North-Western Himalyas, where till now tetraploid and hexaploid forms 
were believed to exist abundant!) A \ulgans got from Germany possesses 
n = 8 and 2u = 16 chromosome numbers The present studies corroborate 
the views of Khoshoo and Sobti (1958) regarding the presence of two basic 
numbers for the genus, wz , n = 8 and n = 9 Engeron mulucauhs with 
n c= 27 and 7n = 54 chromosome numbers appears to be a hexaploid The 
genus Taraxacum is regarded as a complex polyploid apomictic with a basic 
nu ber x = 8 by Darlington and Janakt Animal (1945) and Darlington ard 
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Table I 


SI. Name 

No. 


1 Ageratum conyzoides Linn. 

(Srinagar Type) 

(Jammu Type) 

2 Artemisia absienthium Linn. . . 

3 Artemisia vestita Wall 

4* Artemisia vulgaris Linn. 

5 Artemisia vulgaris Linn. 

(Germany) 

6 Chrysanthemum cinerariefolium 

viss. 

7 Cichorium intybus Linn. 

8* Cousinia microcarpa 

9* Cythocline lyrata Case 

10* Ecliinops ecliinatus 
11* Erigeron multicaulis Wall 

12 Galansoga parvijlora Cav. 

13 Matricaria chamomilla 

(a) Jammu Type 

(l b ) Srinagar Type 

14 Notonia grandiflora Dc. 

15* Siegesbeckia orientalis 

16 Son elms asper Linn. 

17 Sonchus oleraceous Linn. 

18* Taraxacum officinale Webb 

19 Vernonia cincrca Less 

20 Weddelia calandulaceae Less 


Chromo- 

some 


Collected 
from — 

number 

Ploidy 

Previous report 


np 

2 n 



Srinagar 

10 

20 

Diploid 

2 n = 20 and 40 

Jammu 

10 

20 

Do. 


Srinagar 

9 

18 

Do. 

2n = 18 

Jammu (RNC 

9 

18 

Do 

2/i= 18 

Garden) 

Do. 

9 

18 

Do. 

2 n = 18,36,54 

Do. 

8 

16 

Do. 

2/i = 16 

. .Srinagar 

9 

18 

Do. 

2n = 18 

Do. 

9 

18 

Do. 

2/i = 18 

Do. 

13 

26 

Do. 


Jammu (RNC 
Garden) 

11 

22 

Do. 

, 

Jammu 

14 

28 

Do. 


Srinagar 

27 

54 

Hexaploid 

2n = 16 

Do. 

8 

16 

Diploid 

Jammu (RNC 

9 

18 

Do. 

2/1 = 18 

Garden) 

. Srinagar 

9 

18 

Do. 

2n = 18 

. . Jammu (RNC 

10 

20 

Do. 

2// = 20 

Garden) 

. . Srinagar 

15 

30 

Do. 

2/i = 28 

Do. 

9 

18 

Do. 

. . Jammu 

16 

32 


2n = 32 

.. Kud 

12 

24 


2 n = 16,18,24, 
32,34,36,: 

. . Jammu 

9 

18 

Do. 

2n = 18 

. . Jammu (RNC 

25 

50 


2/i = 50 


Garden) 


tfotc :— (RNC Garden) = 


Ram Nath Chopra Garden of Medicinal Plants, 
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Wylie (1955) But in T offianala , Pamgrahi and Kamathy (i960) have 
recorded four bivalents in meiosis during diaktnesis stage These results 
were further confirmed by Sharma and Chatterjee (1961) who reported 2/i=8, 
from the material collected from Khasi Hills So they assign a much lower 
basic chromosome number for the genus, le , x = 4 in contradiction with 
the previously assigned number x = 8 In this plant, seed-setting is reported 
to be profuse (Sharma and Chatterjee, 1961) In the present studies the 



Trxrrics. 1-15 Fig. 1 rint Matctc nctapfcase of Matricaria ehmrvH'h. it — 9 Y 1,900 
lig.Z Dullness of CjtheeJiw l/raa, n — IJ. x)XO Fig. 3 DakjAnli of Sorxfuu 
olerotns, n ~ 16, x2,4<XL He. 4 Late d^lctcne of Ga'tnscfa pcnWcra, n - 8, x2,<00 
Hf 6. D jktnoa of H tdielm tclxniulactee, n 25. x 2.400 Fig. 7 Dakiraii of IXfrreit 
trail! o*Us, tt — 27, *3*00 tig. 5 D flct-TX St if- ef Atfrctam coxyiolltr it — JO X2-K» 
ng. 9 Dalian t of Antr*tia roxberria*. * - 8, X\SOO. Fig. 10 Daluona of Anrrriila 
t^fcrlr. it — 9, X 1,900 Fig. 11 D alirxsa cf Artrr-lsis rrj i-s, « - 9 x 2,400. FI*. 12 
Daluxtfj of OciorlzH tajtet it - 9, X 1.50a Jig. 13 Dukmerc cf CcviOds 
it - 13, XI. SCO. Hg. W. Late d.?tetcne flag- of Jot wria cirerm, * -9, X 1.900. Fig. IF 
D-iOIicvt cf Sltjntftllj ertff&s, n — 15, x2,<CO 
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material collected from Kud (J and K State) showed n = 12 and 2 n = 24. 
These findings are in conformity with those of Furnkranz (1960), who has 
reported a variable number for the species ranging from 2n = 16 to 37. This 
Taraxacum does not produce viable seeds but is burdened with the expenses 
of pollen production. Here replacement of sexual reproduction by apomixis 
has taken place. Since there is some pairing and consequent crossing over, 
there is restricted recombination which accounts for its limited but sporadic 
instability resulting in the production of diverse morphological, ecological 
and cytological variants. In this population strains with 24, 23 and 22 
chromosomes have been occasionally found. 

Ishikawa (1911) from tropics reported diploid forms of Ageratum 
conyzoides while Mitra (1947) from the material collected from Calcutta found 
20 bivalents at diakinesis, and thus found tetraploid forms of the plant for 
the first time. Under the present investigations only the diploid forms of 
the plant have been found for the plants growing wild in both Jammu and 
Kashmir area with chromosome number n = 10 and 2 n = 18—20. Notonia 
grandiflora from a study of meiosis appears to be a structural hybrid involving 
all sorts of chromosomal abnormalities leading to the failure of viable seed 
production resulting in a loss of fertility and consequent replacement of sexual 
reproduction by an asexual reproduction. Complete details of its cytogenetics 
and that of the Taraxacum officinale will be communicated very shortly. 
Genus Sonchus is characterised by an oval to elliptical nucleolus as revealed 
by a study of meiosis. From this survey of the chromosome numbers it 
appears that the majority of Composites have evolved from a basic number 
8 and 9. The species that have retained this number possess large, long and 
conspicuous chromosomes while plants with high chromosome numbers 
have small chromosomes and as the chromosome number increases from its 
basic number, the relative size of the individual chromosome shows a pro- 
portionate decrease. There is every likelihood that the plants with a high 
chromosome number and small-sized chromosomes, polyploidy, fragmenta- 
tion with either deletion or addition of an acentric or centric fragment may 
have played a major role in the evolution and speciation of Composites. 

Summary 

A survey of the chromosome numbers has been conducted in 20 species 
of medicinally important Composites of Jammu and Kashmir State distributed 
under 16 genera- 
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Introduction 

The specimen described here is one of the many fragments of silicified palm 
woods collected from Mohgaon Kalan area, Madhya Pradesh, a locality from 
which a number of petrified palm woods have been described. The specimen 
is fragmentary but measuring about 6 • 5 cm. in length and 3 -4 cm. in breadth. 
The preservation is not quite satisfactory, yet the arrangement of the bundles 
in the different zones of the wood is very clear to the naked eye on the polished 
surface of the specimen. The specimen is brownish-yellow in colour. In 
thin sections the yellow portions look white. 

Anatomical Descriptions 

Transverse sections of the specimen show three distinct zones — the Dermal, 
Sub-dermal and Central (Plate II, Photo 1). Fortunately, a small portion of 
the cortex also is preserved on the outside of these zones. Thin sections 
of the cortical region show mainly fibrous bundles. They are of varying 
sizes and irregularly distributed (Fig. 1). The ground tissue is compactly 
arranged with thin-walled cells. 

Dermal zone consists of fibrovascular bundles regularly orientated and 
closely placed (Fig. 2; Plate II, Photo 2). The row of bundles just belowthe cor- 
tex is very small in size and are more or less round to oval in shape (Figs. 3-5). 
The rest of the bundles are elongated (Figs. 6-1 3). In between these elongated 
bundles are seen some smaller bundles (Figs. 14 and 15). The frequency 
of the bundles is 245 to 320 per cm. 2 and they are about 0-2-0 -5 mm. in 
diameter. The bundles are very crowded, so that they leave very little space 
for the ground tissue. And even this is very compact in nature with some 
intercellular spaces. The f/v ratio in the main bundles is about 0- 5/1-1 -4/1. 
The auricular lobes are round and the median sinus is concave. Phloem 
is preserved in some of the bundles. The vascular part consists mostly of 
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Tjcs. 1-25 n». 1 Transverse season of the ccrtsal itjon *hv.*vns the f**o* 
burst's and i be pound t rot. x 5 6.fb, firom bundles. fit- 2. D-i-riNaton cf tV tVcrrjsnsljT 
bundles In the derral rone, x 36. e\ crushed bundle Fiji. 3-3 S-nalir* bgnlVi fcj tbs rrpco 
bekjsr the cortex. x((L riff. 6-15 Dd’er-Et of bundles m the derail rone, x(0 

Fip 16. Datributien cf the fhrovxsmlir bcocSes In the reb-der-aJ roar, X 31 fljjL 17-13 
Dittst litdt cf bento in the teWacal rcor. x6H Ftp H One CHtmwJLir baft 
of the tub-denml rone thoamj lb; p oure d *jfaa seeds, XML fip 25 On? f jscS buaSi; 
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one main xylem vessel (Figs. 6-10) but sometimes a pair of vessels lying side 
by side (Figs. 11 and 12). Protoxylem is present. The vessels are completely 
excluded or are outside the median sinus. sThere is no radiating or tabular 
parenchyma seen around the fibrovascular bundles. 

Sab-dermal zone. — The majority of the fibrovascular bundles are regularly 
orientated and are less densely crowded (Fig. 1 6 ; Plate II, Photo 3). They are 
150-170 per cm. 2 and are of different sizes and shapes (Figs. 17-23). The 
bundles are 0 -3-0 -6 mm. in diameter and their f/v ratio varies from 0-4/1— 1/1. 
The auricular lobes are mostly round, the median sinus is concave to somewhat 
fiat (Figs. 17-23). Usually, there are two big, circular to oval main vessels, 
excluded, placed side by side in the vascular parts of the bundles (Figs. 18-23). 
Some of the bundles consist of a number of xylem vessels grouped together 
(Fig. 24). This type of bundles are seen in all the three zones. Smaller 
rounded bundles occur in between the other main bundles (Fig. 22). Radiat- 
ing and tabular parenchyma cells surrounding the bundles are totally absent. 
Here and there are found some fused bundles. Their fusion takes place 
either in the sclerenchyma parts or in the vascular parts (Figs. 25 and 26). 
Leaf-traces are often found in this zone. They are bigger than the main 
bundles (Fig. 27). 

Central zone is distinguished by the irregular orientation of the fibro- 
vascular bundles (Fig. 28 ; Plate II, Fhoto 4) and they are far apart from each 
other. They are 80-125 per cm. 2 and are 0-5-0 -8 mm. in diameter. The 
varying form of bundles is seen in Figs. 29-33. The f/v ratio of the 
bundles is 0 -3/1—0 - 8/1. The median sinus is somewhat concave and 
auricular lobes are round. Rounded, excluded, paired vessels occur more 
commonly in the vascular parts of the bundles (Figs. 30, 31 and 33; 
Plate III, Photo 5). In between the big bundles there occur occasionally a 
few small fibrovascular bundles. Radiating or tabular parenchyma cells are 
conspicuous by their absence. Leaf-trace bundles are very common here 
(Fig. 34). 

Fibrous bundles are present only in the cortex. They are altogether 
absent in the other three zones. 

Stegmata also have not been observed in any of the fibrovascular 
bundles. 

Phloem is preserved in most of the bundles in all the three zones. A 
more or less triangular-shaped phloem cavity is clearly seen in the bundles 
in which the phloem is not preserved. 




Fox 25-35 FIs- 26. One fined bundle shosnnj l he fiasco on the ackrenchyma 
jnrv. x7J Flj- 27 One leaf tract bundle cf the *ub-demal zone, x75 Pxj, protcnjkm 
Hp 23 DiKribaooa of the bundles In the central zone, x4< Fij. 29-32. DiT-rtnt type* of 
b undles In the central zone, x75 Fit. 33 One fb-orajcular bundle of the central zone aho*isj 
all the throes, x7\ dr-, dorol t d ertne hyma , mxy. metazylem, P, pareachyn a . pk, phloem. 
F xy, protoxyl ea. Flj. 34. One leaf-trace bundle cf the centra! zone. x7J pxy, prowxyfca, 
FI*. 35 A pcetras cf the pound tarae in the centra! zone, x7J 
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The ground tissue is compact throughout the wood (Fig. 35). The cells 
are thin-walled, oval to rounded in shape with slight intercellular spaces 
occasionally seen in between them. In the longitudinal sections these cells are 
seen to be placed contiguously in vertical rows (Plate III, Photo 6) as in other 
palm woods. There are some special type of cells present in the ground tissue 
(Plate II, Photos 2-4). The bad preservation makes it difficult to say what they 
are. They are mostly single-celled structures, but sometimes a chain of five or 
six cells joined together are also seen. Some of them show bar-like thicken- 
ings. The nature of these cells could not be determined. But they may be 
comparable to idioblasts as reported in the case of Palmoxylon sclerodermum 
by Sahni (1943). 

Longitudinal sections show the pitting of the xylem vessels is of the 
multiseriate scalariform as well as typical helical types (Plate III, Photo 6). 
The perforated end-walls are obliquely placed and show a series of widely 
spaced parallel bars of thickening (Plate III, Photo 7). 

Discussion 

Quite a large number of palm woods have been described from the 
Deccan Intertrappean beds by several authors (Sahni, 1931, 1943, 1946; 
Rode, 1933; Shukla, 1939, 1946; Ramanujam, 1953, 1958; Lakhanpal, 1955; 
Mahabale, 1958; Prakash, 1958, 1961; Rao and Menon, 1962, 1963). The 
characters of all these palms have been incorporated in a tabular form (Rao 
and Menon, 1963). The specimen described in the present paper shares some 
character or other with each one of the species in Table I. The absence 
or presence of fibrous bundles, stegmata, radiating or tabular parenchyma, 
posterior sclerenchyma, are some such characters— which may be considered 
as comparatively unimportant. But a closer comparison can be possible 
with Palmoxylon puratanam, Palmoxylon narayanai and Palmoxylon mahesh- 
warii. The specimen described in this paper resembles the above-mentioned 
three species in a few of the characters, but differs from them in some of the 
important characters, like frequency of the bundles in the various zones of 
the wood ; f/v ratio of the bundles ; and the diameter and nature of the bundles. 
The number of bundles per cm. 2 in this species is greater than in P. puratanam, 

' P. narayanai and the bundles in the dermal zone of P. maheshwarii but lesser 
than those in the sub-dermal anckcentral zones. Th effv ratio of P. puratanam 
and P. narayanai is greater than the //v ratio of the specimen described here, 
while f/v ratio of P. maheshwarii is lesser. As far as the nature, shape and 
type of the fibrovascular bundles are concerned these four species are quite 
different from each other. This can be noted easily from the figures and 
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Name ©I the 
No. Pctmorylvn 
IPK!» 


Falnicxylen Imperfectly preserved 
fwctamn thin- walled paren- ! 

(Raraanujam tbyma edit. Nttne 

C. G K„ 19SS) rocs fibrous bundles 

of virions shapes > 
and sizes forre 
itrcctcxes like rcle- 
roida or nu'ilage 
cai als present. A 
few normal Ebro- 
vascclar bcndles are 




Preserved on'y a 
ftrall portion. Only 
Strew* bandies are 
present, Groond 
parenchyma cowl ti 
of thin-walled ctlli 



D, Dermal rose; SD, Sutwtornal zone; C, Central zone. 

photograph? of the species. Except in P. r.araycmai the cortex is preserved in 
all the other three species. It is more or less cf the same type in P. puratanam 
and the species described here. In P. maheshwarii the fibrovasoilar bundles 
of the cortex axe quite elongated and the fibrous part is three to ten times 
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Phloem 

Xylem 

vessels 

Radiating 

and 

tabular 

parenchyma 

Fibrous 

bundles 

Stegmata 

Posterior 

scleren- 

chyma 

Leaf-trace 

bundles 

Ground tissue 

Present in j 
some of 
the bun- 
dles 

D-l 

SD-2 

C-2 

Proto- 

xylem 

present 

2-layered 
tabular 
parencnyma 
present but 
not radiat- 
ing 

Absent 

Absent 

Found in 
the leaf- 
trace 
bundles 

Present 

Compact thick- 
walled paren- 
chymatous 
cells. They 
are angulat 
and do not 
show any lobes 
or processes 

Not pre- 
served 

I 

Xylem 
vessels 
side by 
side 

SD-2 -4 
C-3-4 

Radiating 
paienrhvma 
aronnd the 
leaf-trace 
bundles but 
not tabular 
parenchyma 

Absent 

Absent 

i 

i 

Absent 

Present 

Closely placed 
thin-walled 
cells of various 
shapes 

Absent 

D-l-2 
side by 
side 

SD-2 

C-2 

Protoxy- 
lem pre- 
sent 

1 

Absent 

1 

i 

1 

Present in 
cortex 
but 
absent in 
the other 
zones 

Absent 

Present 
only in 
leaf -trace 
bundles 1 

1 

I 

Present 

Thin-walled 
round cells 
overlapping 
j each other and 
having slight 
Intercellular 
spaces 

Present in 
some of 
the bun- 
dles 

D-mainly 

one 

SD-2 

C-2 

Prctoxy- 
lem pre- 
sent 

Absent 

Present in 
the cortex 
but 

absent in 
the other 
zones 

Absent 

Absent 

Present 

Thin-walled 
round to oval 
parenchyma 
cells with 
slight inter- 
cellular spaces 
seen occa- 
sionally 


bigger than the vascular part, but in my specimen the preserved portion 
of the cortex does not show any fibrovascular bundle. From the nature of 
the specimen it appears that even if the bundles are present they are not very 
much elongated. The characters which show some similarity between the 
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abo\e three species and the specimen described in this paper are (1) the 
absence of the stegmata, (2) the absence of radiating and tabular parenchyma, 
(3) the absence of fibrous bundles, and (4) the compact nature and shape of 
the ground parenchyma cells Even though the ground parenchyma cells 
arc compact in all these four species their sizes and shapes arc different in 
each They are angular thick-walled cells in P puratanam, angular elongated 
cells mP narayanai and isodiamctnc rounded cells in P maheslMam But 
in my specimen the ground parenchyma cells are of varying sizes and round 
to oval in shape The characters of all these four species arc noted in 
Table I 

The above-mentioned points incorporated in Table I show that on 
all the important criteria this specimen differs from the other three species 
It is best kept as a new species 

It is, therefore, with great pleasure that I name this species Palmoxylon 
sahnu after the late Prof B Sahm who was the first to t Ac up a serious and 
exhaustive study of the fossil palms found in this area 

Following the combined scheme of Von Mohl (1845) and Stenzel (1901) 
for the classification of the artificial genus Palmoxylon this specimen of 
Palmoxylon sahnu can be referred to the Mcuriim section In this group 
the outer bundles arc crowded, their fibrous part being greater than 
vascular part The inner bundles arc far apart, their fibrous part being 
smaller than the vascular. 

Diagnosis 

Cortex present with fibrous bundles and compact ground tissue 

Dermal zone —Fibrovascular bundles regularly orientated, 245-320 
per cm’, mostly elongated in form; diameter 0*2-0 5mm , flv 13110 
0*5/l-l *4/1 ; median sinus concave and auricular lobes rounded; xvlcm vessels 
usually one, sometimes two or a group of vessels together Stegmata, fibrous 
bundles, radiating and tabular parenchyma absent Ground tissue compact 
with thin-walled parenchyma cells 

Sub-dermal zone — Bundles more or less regular, 150-I70per ctn- f * 
f)r ratio 0-4/1— 1/1 ; bundles with different sizes and shapes; diameter 
0*3-0 6mm Median sinus concave to flat and auricular lobes round, 
Mam xylcm vessels usually two, excluded sometimes a number of xylera 
vessels grouped together; protoxylcm present; no fibrous bundles, stegmata. 
radiating or tabular parenchyma and posterior sclcrcnchyma Leaf-trace 
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bundles bigger in size, fused bundles present. Ground parenchyma compact 
with thin-walled round to oval cells. 

Central zone— Irregularly orientated bundles; 80-125per cm. 2 ; differ- 
ent sizes and shapes; f/v ratio 0- 3/1-0 -8/1 ; diameter 0-5-0 -8 mm. Median, 
sinus concave to flat, auricular lobes round, main xylem vessels mostly two, 
protoxylem present; phloem preserved. Stegmata and fibrous bundles 
absent. Leaf-trace bundles seen clearly. Ground parenchyma same as in 
the dermal and sub-dermal zones. 

Locality — Mohgaon Kalan. 

Age — Eocene. 

Type specimen — M 15 (Kept in the Botany Department, 
Lucknow University). 

Summary 

A new species of petrified palm wood has been described from the Deccan 
Intertrappean beds near Mohgaon Kalan area, Madhya Pradesh. It differs 
from all the other known Indian fossil palms in some important characters 
and has been designated Palmoxyion sahnii. It can be referred to the 
Mauritia section of petrified palms. 
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Explanation of Plates II & III 
Plate II 

Photo 1. Transverse section of the specimen, xll. co, cortical; d, dermal; sd, sub-demini; 
c, central zone. 

Photo 2. Fibrovascular bundles from the dermal zone, x40-l. 

Photo 3. Fibrovascular bundles from the sub-dermal zone, ib, idiobiast ?, x41. 

Photo 4. A few fibrovascular bundles from the central zone, X38-5. 

Plate III 

Photo 5. One fibrovascular bundle from the central zone showing all the tissues, dsc, dorsal 
sclerenchyma ; nixy, metaxylem; p, parenchyma; ph, phloem, Xl6'5. 

Photo 6. Longitudinal section showing the pitting of the vessels, gp, ground parenchyma; 

hi, helical type; ntsc, multiseriate scalariform type ; sc, scalariform type, X138-7. 

Photo 7. Longitudinal section showing an obliquely placed end-wall, ew, end-wall; gp, 
ground parenchyma; scl, sclerenchyma, x!02. 
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Introduction 

Controversial \aluc of evidence offered by plant abnormalities has been 
the source of intense discussion among morphologists from the time o 
Linnaeus onwards Bose 1 has effectively reuewed pertinent literature attach- 
ing positive importance to the value of these manifcstitations in the solution 
of problems of morphological interest Joshi 3 * reported some remarka c 
abnormalities in Argemone mcxicana and discussed their possible 
and phylogenetic significance But his conclusions arc neither suppor 
by anatomical studies nor by morphological illustrations of abnormal stamens 
during hts latter report 

During the course of an earlier investigation the authors 5 conducted 
an extensive survey of wide population of A mewcana growing in this rc S‘^ 
In addition to abnormalities listed by Joshi ( loc cit ), it has been possi 
to supplement his investigations with a few more interesting observations 
The latter have necessitated the submission of the following brief accoun 

Material and Methods 

Material for the present study was collected from close vicinity 
Regional Research Laboratory, Jammu, and fixed and preserved in forma m 
accto-alcohol Dehydration and paraffin embedding were earned on m 
the customary way Parowax blocks were sectioned at 10-12 r thickness 
and the sections were stained with «afrmmfist green combination A ^ 
normal and normal petals and stamens were cleared in chloral hydrate 
glycerine mixture (5 2) kept warm at 70 c C and stained with ‘afranm to 
bring out their vasculaiion pattern For epidermal studies temporary mounts 
of peals in 10 per cent glvccnnc were examined 

Observations 

A comp v chcnsisc description of normal flowers has been furrished b 
Jo'lu a Flowers shown in Phtc IV exhibit various abno-mahtics which ar c 
discussed below 
SS 
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Sepals . — Abnormal sepals observed do not deviate much from the normal 
structures except for their extraordinarily large size which is nearly twice 
that of their normal counterparts (Plate IV). The prickles are sparse and the 
vascular strands much strongly developed. All the sepals may be sometime, 
though rarely, united at the base into a circular collar-like disc. 

Petals . — Transparencies of one normal and three abnormal petals are 
photographed in Plate V. Normal petals are yellow-coloured, thin and 
membranous with a slightly thickened base. Vascular strands diverge 
apart from each other immediately after their entry into the petal base. Their 
further ramifications and anastomoses, resulting into typical vascular net- 
work, of normal petal, take place in the way exhibited by Plate V, Fig. 1. 

A transection of normal petal is figured in Text-Fig. 1 (A). Detailed 
structure of the areas delimited by the large and small rectangle in Fig. A 
is shown in Figs. G and M respectively. Rounded, oval or irregular parenchy- 
matous mesophyll cells with large air-spaces are bounded by upper and lower 
epidermal layers of the wing [Text-Fig. 1 (A)]. Normal epidermal cells are 
narrow, ± rectangular, with sinuous walls and a few stomata [Text-Fig. 
2 (a, a']. 

Morphology and anatomy of the abnormal petals is described as under. 
The first abnormal stage (Plate II, Fig. 2) is characterized by the following 
morphological features : — 

(i) Pale green or green colour, (ii) spathulate outline, (in) relative 
increase in thickness, (iv) a lateral coming together of chief vascular strands 
after their entry into the petal base and finally (v) elaboration of the vascular 
frame into an atypical network which tends to approach more towards that 
of the leaf than of petal. A transection of the aberrancy under reference 
is shown in Text-Fig. 1 (B). Histological structure of midrib and wing, marked 
by straight lines in Text-Fig. 1 (B), is shown in detail in Text-Fig. 1 (H and N) 
respectively. Salient anatomical features of this stage are: (i) wider and 
better developed xylem vessels, (ii) feebly differentiated phloem fibres, 
(iii) appearance of loose chlorenchyma with inter-cellular spaces and (iv) the 
larger size of parenchymatous cells. In the wing the mesophyll gets differen- 
tiated into a few layers thick palisade tissue and several cells, thick spongy 
parenchyma the latter being composed of rounded or oval thin-walled cells 
with large air-spaces [Text-Fig. 1 (N)]. The palisade consists of slightly 
elongate chlorenchymatous cells with numerous interstices. Epiderma 
cells of this stage are characterized by an increase in the number of stomata 
and a straight straightening of cell-walls, accompanied by the loss of their 
sinuous nature [Text-Fig. 2 ( b , £')]• 
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The next abnormal stage of petal is interesting inasmuch as it combines 
the following distinctive features (i) development of a distinct nudnb-like 
region, ( 11 ) parallel course of chief vascular supplies uptil the middle of petal 
(in) a still further elaboration of vasculature, and (tv) appearance of lateral 
dorsal and ventral pnchels (Plate V, Fig B) 

A transection of abnormal petal at this stage is delineated in Text Fie 1 
(C) Histological details of midrib and vving are illustrated with Text Fie 1 
(I and O) respectively Chief anatomical interest at this stage lies m 
(i) slightly thickened phloem fibres (n) 2-8 layers of thickened parenchyma 
immediately beneath the lower epidermis and (in) appearance of chlorench) 
matous bands [Text Fig 1 (C)] in the parenchymatous region immediately 
below the upper and lower epidermis Spongy parenchyma m the wine is 
bounded by the upper and lower palisade layers Laterally apposed columnar 
cells of upper palisade more or less closely approach those of the leaf, whereas 
cells of lower palisade arc only slightly modified chlorcncbymatous cells 
[Text-Fig I (O)] Epidermal peals of this petal are characterized by abundance 
of stomata and shorter and more or less polygonal cells [Text-Fig 2 ( c , cO] 

Highest degree of abnormality is attained at the third stage, shown m 
Plate V (Fig 4), \\hcre the general appearance and shape gets completely 
altered Were it not for its topographical situation, this stage could easily 
have been overlooked for ordinary foliage The petal margin becomes 
wavy, lacerated and prickly and approaches closely, though not entirely, to 
that of the leaf Vascular frame also approximates closely to that of the leaf 

A transection of the aberrancy at this stage is figured in Text Fig I (D) 
General plan of the tissue distribution seems to be in agreement with that 
of the leaf [Text Fig 1 (E)J Midrib regions demarcated by straight lmcs 
in Text Fig 1 (D and E) are detailed in Text-Fig 1 (J and K.) respective!' 
Chief anatomical details of this stage in common with the histology of normal 
leaf arc (i) general outline of transection (n) comparatively strong-r and 
thicker vascular bundles (in) presence of a strong cap of pholem fibres "nd 
(i\) 2-T layers of collenchymatous cells beneath the upper and lower cpi 
dermis each The collcnchyma alternates with bands of chlomchyraa 
beneath the lower cp dermis [Text Fig J (D and E)] Tran'ections of vine 
marled in Figs 1 (D and E) by smaller rectangles arc shown in deti 1 ,r 
Fics 1 (P and Q) respectively Epidermal peals of the petal under reference 
arc shown in Text Fig 2 (d d ) while those of a normal leaf arc illustrated n 
Text Tig 2 (e, <•*) 

Stan enr — Stamens of the normal flowers possess slender filaments with 
a weak staminal strand The anthers are tetralocular and longitud nail' 
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dehiscing [Text-Fig 3 (o)] Abnormal stamens arranged in order of mcreas 
ing degree of deviation from normal stamen are also sketched m Text Fig 3 
(b-g) The stamen shown in Text Fig 3 (g), though completely leaf like, 
docs not approach A mexicana leaf specifically Unlike the leaf, it receives 
a single staminal strand at its base which, as a result of its further branchiae 
and finer ramifications of subsequent branchlets, accounts for the xasculature 
of stamen A transection of this stamen is shown m Text Fig 1 (F) Text 
Fig 1 (L) illustrates histological details of the region passing through midrib 



Purbaim and Kapoor, 2 and subsequently Kapoor and Sharma (loc cit) 
reported total absence of latictferous tubes m stamens Strikingly enough 
the \ oscular supply of abnormal stamen at this stage has been observed t° 
be accompanied by hticifcrs Detailed structure of the wing in transection 
corresponding to the portion demarcated by straight lines in Text Fig * 
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(F), is shown in Text-Fig. 1 (R). Anatomical structure of stamens e and / 
(Text-Fig. 3) is similar to that of g, while the structure of stamens b, c and d is 
precisely similar to that of the stages described by Joshi in his earlier communi- 
cation. 



Text-Fig. 3 


DISCUSSION AND CONCLUSIONS 

W and showy 

the chief alure for a casual observer, w foliage Both 

beain6 " flo " ,ers 

from three distantly situated localities in ammu. . . 

Whatever the cause or phylogenetic Slg " lfi ^ c ® ° phyllody.’ All 

are interesting inasmuch as they (gynoecium excepted) 

gradations of abnormality for a P distribuled in different flowers of the 
may be met with in the same flower 
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same individual or different individuals Were these aberrancies of a parti- 
cular organ arranged in ascending sequence in accordance with increasing 
extent of deviation from the normal a series could easily be constructed 
(Plate V and Text-Fig 3) The senes read in the reverse direction would 
tentatively explain the ongm of each of such organs from a foliar ancestor 
lending support to the hypothesis of ‘ flower as a condensed vegetative shoot * 

Histological structure of these forms (Text Figs 1-2) may bear a further 
testimony to their external manifestations Irrespective of any other irapor 
tance, they may be regarded significant so far as they provide with a working 
plan for the derivation of the presently discussed organs from the ordinal) 
foliage leaf 


Summary 

Some floral abnormalities, for Argentone mexicarto have been studied 
morphologically and anatomically Aberrations have been regarded impor- 
tant in deriving the foliar origin of the organs discussed in the present report. 
Vascular supply of extremely abnormal stamens has been found to be 
accompanied by laticifers 
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Text-Fig. 1. Fig. A. T.S. norma! petal. Figs. B-D. Transactions of abnormal petals 
shown in Plate IV (Figs. 2-4). Fig. E. T.S. foliage leaf. Fig. F. T.S. abnormal stamen shown 
in Text-Fig. 3 (g). Fig. G. Histological details of normal petal midrib in T.S. Figs. H-J. 
Histological details of midrib region of abnormal petals corresponding to Figs. B-D respectively. 
Fig. K. Histological details of leaf midrib in T.S. Figs. M-R. Detailed structure of the wing 
region in T.S., corresponding to the areas delimited by short rectangles in Figs. A-F respectively. 
(Figs. A-F, X88; Figs. G-L, x350; Figs. M-R, x520.) 

Text-Fig. 2. Figs, a, b, c and d, upper epidermal cells of respective petals shown in Plate V 
(Figs. 1^1). Figs. a', //, c and d' Corresponding lower epidermal cells of the same stages. Figs. 
e and e'. Upper and lower epidermal cells of leaf. (Figs, an’ eel, x875). 

Text-Fig. 3. Fig. a. Normal stamen. Figs. b-g. Abnormal stamens in ascending sequence 
of abnormality. (Figs. a-g. xl4). 

(chlr., c hlorenchyma ; col., collenchyma; fib., fibres; lot., laticifers; /. pal., lower palisade; 
ph., phloem; sp.pr., spongy parenchyma; it. pal, upper palisade; xy., xylem.) 
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Failure to set fruits in some of the citrus varieties has greatly handicapped 
their extensive plantation (Singh, et al , 1957) Self-incompatibility has been 
suggested as one of the probable causes for this trouble (Singh and Dhuna, 
1960) However, it vvas felt that the ratio of hermaphrodite and stammate 
flowers may greatly affect the fruit setting, since the citrus trees bear hernia 
phrodite and stammate flowers simultaneously Although some information 
is available for the commercial varieties, however, such data is lacking in the 
case of non-commercial varieties, which offer a potential hybridization plant 
material source With this view these studies were earned out in seventeen 
varieties growing at the Horticultural Research Institute, Saharanpur The 


varieties studied were — 



1 

Sadaphal 

C 

semperjlorens Lush 

2 

Dominica 

C 

Union Burm 

3 

Lemon Eureka 


Do 

4 

Lemon Seedless 


Do 

5 

Lemon Kaghzi 


Do 

6 

Lemon Oval 


Do 

7 

Jambhcri 

C 

Jambhcri Lush 

8 

Jambhcri Brown 


Do 

9 

rlonda Rough 


Do 

10 

Italian 76 


Do 

11 

Amilbcd (Gajammma) 

C 

pcnnncsictifata Tanaka 

12 

Sour orange 

c 

aurantwm Linn 
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13. Rangpur lime 

14. Kama Khatta 

15. Sweet lime 

16. Kaghzi lime 

17. Sour Gal gal 


. . C. limonia Osbeck. 

. . C. kanta Raf. 

.. C. limettioides Tanaka. 

. . C. aurantifolia Swingle. 

• • C- golgal Sp. Nov. Motial and Singh 


Results and Discussion 

All the varieties were observed to bear hermaphrodite as well as staminate 
flowers. The percentage of staminate flowers varied greatly according to 
the variety and season. 

(a) Percentage of staminate and hermaphrodite flowers. — The percentage 
of staminate and hermaphrodite flowers was calculated from the number of 
staminate and hermaphrodite flowers recorded separately for seven days. 
The quantitative averages are summarized in Table I. 

A perusal of the Table shows that the highest percentage of staminate 
flowers was found in Sweet lime during 1961, while the highest percentage 
of hermaphrodite flowers was observed in lemon Kaghzi. 

The percentage of Staminate flowers was greatly influenced by the season 
of flowering. In lemon Eureka and Lemon Seedless, daily counts of staminate 
and hermaphrodite flowers, for seven days were made in July, December 
and March during the flowering seasons. The data presented in Table I 
shows that the minimum percentage of staminate flowers was produced in 
the December flowering, whereas the spring bloom recorded the highest 
percentage. 

A close comparison of these results with the meteorological data given 
in Table II indicates a correlationship between the percentage of herma- 
phrodite floweis and temperature on the one hand and relative humidity 
on the other. Thus, the low temperatures and relatively high humidities 
during December produced a higher percentage of hermaphrodite flowers 
as compared to the relatively high temperatures and low relative humidity 
during March. 

With the advancement of the season, a rise or fall in the temperature 
also affected the percentage of staminate flowers opening in that period. 
When the temperatures were lower, the number of hermaphrodite flowers 
opening was greater. Similar conclusions have been drawn by various other 
workers also (Sauer, 1954; Singh aud Dhuria, 1960). 
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Table I 


St animate and hermaphrodite flowers m different \aneties of citrus 


Vanetj 

Total 

flowers 

obsened 

Stami- 

nate 

flowers 

Herma- 

phrodite 

flowers 

%of 

s laminate 
flowers 

%0f 

herma- 

phrodite 

flowers 

Spring Bloom, 1961 

Jambhen 

378 

320 

58 

84-65 

15-35 

Jambhen Brown 

453 

405 

48 

89-40 

10 60 

Florida Rough 

305 

286 

19 

93-77 

6-23 

Italian 76 

616 

425 

191 

68-99 

31-01 

Sweet lime 

1516 

1445 

71 

95-31 

4-69 

Sadaphal 

318 

195 

123 

61-32 

38-68 

Sour orange 

1217 

562 

655 

46-17 

53-83 

Rangpur lime 

854 

421 

433 

49-29 

50-71 

Dominica 

221 

119 

102 

53-84 

46-16 

Rainy season Bloom, 1961 

Lemon Eureka 

315 

218 

97 

69-84 

30-16 

Lemon Seedless 

170 

123 

47 

78-23 

21-77 

December Bloom 1961 

Lemon Eureka 

55 

31 

24 

56-36 

43-64 

Lemon Seedless 

62 

36 

26 

58-06 

41-94 

Spring Bloom, 1962 

Jambhen 

809 

538 

27! 

66-50 

33-50 

Jambhen Brown 

1091 

561 

530 

51-51 

48-49 

Florida Rough 

999 

570 

429 

57-05 

42-95 

Italian 76 

653 

185 

468 

28-33 

71-67 

Sweet lime . . 

750 

675 

75 

90-00 

10 00 

Sour Gal gal 

989 

902 

87 

91-20 

8-80 

Amilbed (Gajanimma) 

628 

546 

82 

86-53 

13-47 

Lemon Kaghzi 

471 

24 

447 

5-09 

94 91 

Lemon Oval 

461 

253 

208 

54-88 

45*12 

Kaghzi lime 

930 

797 

133 

85-69 

14 31 

Kama Khatta 

414 

229 

185 

55-31 

44 69 

Lemon Eureka 

604 

525 

79 

86-92 

I3-0S 

Lemon Seedless 

53! 

475 

56 

89-45 

JO 55 

AE the mnp arc from 

*r«n day* records. 
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Meteorological records 
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Month 

Temperature 

Humidity % at hours 

Maximum 

°C. 

Minimum 

°C. 

0720 

1420 

1960 





December 

23-7 

5-5 

87 

32 

1961 





January 

20-5 

7-0 

92 

49 

• February 

22-1 

8-0 

81 

32 

March 

30-1 

12-6 

71 

25 

April . . 

36-4 

15-6 

• 

50 

19 

July . . 

36-6 

26-4 

87 

70 

August 

31-4 

24-7 

90 

75 

September . . 

•33-4 

24-2 

85 

63 

December . . 

19-3 

4-0 

53 

53 

1962 

January 

19-3 

4-8 

90 

45 

February 

22-7 

9-5 

88 

47 

March 

27-3 

11-9 

72 

31 

April . . 

35-2 

17-8 

53 

20 


( b ) Percentage of staminate flowers opening at different ^ 

Records for 13 varieties were maintained for seven days for 
staminate flowers opened at hourly intervals from a.m. o p.m. 
means are presented in Table III. 


Table III reveals that the highest percentage of staminate flowers opened 
=ither in the early or late hours of the day. Ftgure 1 show t at 6 amr 
and 7 a.m. a higher number of staminate flowers opened but at 8 a.m. 



Table II! 

Percentage of stanunate /loners in different citrus \aneties at different hours of the day 


100 


V S Motial 



N H. — All the avrrafe* Kte from the data recorded for *evtn day* 



Sex-Expression in Some Non-Commercial Citrus Varieties 
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percentage decreased and again rose at 9 am. Further increase or decrease 
in percentage of staminate flowers depended upon the individual variety 
with a definite increase in staminate flowers towards the end of the day. In 
most of the varieties, the optimum percentage of hermaphrodite flowers 
opened between 10 a.m. and 1 p.m. 



Fig. 1. 


Percentage of staminate flowers appearing at different hours of day. 


Kama Khatta; 


f. t e.°ss« * 

K. Lemon Oval; L. Jambheri Brown; M. Italian 7b, 


N. Lemon Kaghzi. 


Summary 

1. The highest 

cSs a ™“ "^H^tura, Research Institute, Saharanpur. 

2. The maximum number of staminate Bowers were found to open 
either in the early or late hours of the ay. 

B4 
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Introduction 

Up to this time in almost all the cases of insect tissue culture (comp, reviews 
by Murray andKopech, 1953; Loeb, 1957; Hartzell, 1958; Day and Grace, 
1959) haemolymph or tissue extract has been used from the same insect from 
which the tissue was taken. This has been done perhaps from the idea that 
the particular haemolymph might contain all the necessary requirements for 
the particular tissue. . Papers coming out on the biochemistry of haemolymph, 
(comp, reviews by Buck, 1953, Wyatt, 1961), however, do not endorse this 
view. No doubt, there are some differences from species to species, specially 
in the ratios of organic and inorganic components, some antigenic structures , 
yet the general fundamental similarities like high potassium and magnesium 
and low sodium content, the high level of free amino-acids and their frequent 
contribution to cations rather than anions, the presence of high concentrations 
of glutamine, proline and one or more of the basic ammo-acids, arginine, 
lysine and histidine are important. The other common features are the 
presence of citrate as organic acid, high content of phosphates and the occur- 
rence of the non-reducing disaccharide trehalose, as t e mam oo su 

An experiment was set to examine the specificity lymph from 

different insects by trying various combinations o oo an • ‘ 

was thought important as many of the insects could supp y 8 
of haemolymph often due to their bigger sizes whereas itaoto blood 
which did not show tyrosinase activity, could be obtained which could be 
exploited for the culture of tissues from other insects too. 

Materials and Method 

The snecimens used for the experiment were the larvae of three species 
or food habits, v/,. OaUena .neHcCIa L.. AntheTco 

■Prese.tAddres,: Centra] Sericulturat Research Stalin., P.O. Be, hanrpore, vv.Be.eal, Ma 
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perny i Guer and Melolontha melolontha L Galleria mellonella were reared 
in the laboratory on Haydak’s artificial medium (Balazs, 1958) Anthem 
pemyi were reared in the laboratory on oak leaves and Melolontha melolorth 
in sawdust on potatoes For the experiment tissues from the late last instar 
larvae of all insects were used Pieces of intestinal tissue from G mellonelh 
were put in the medium (modified Trager’s C 4 , Sen Gupta, 1961) with haemo- 
lymph from G mellonella, A perny i and M melolontha Similarly, intestinal 
tissue from A perny i were put in the medium with haemolymph from A pemyt 
G mellonella and M melolontha, and intestinal tissue from M melolontha 
were put in the medium with haemolymph from M melolontha, G mellonella 
and A pemyi With each combination five replications were taken and 
average of them noted All the tissues were cultured following standard 
roller-tube technique 

Results 

Survival and growth of intestinal tissue explants from G mellonella, 
put in the modified Trager’s C 4 with different haemolymphs when interpreted 
m terms of average survival period, average growth period and the percentage 

Table I 

Table showing the surmal period, the growth period and the percentage of 
tissues from different insects growing in basic modified Trger's 


medium C t with different haemolymphs 


Tissue from 





Media 




C 

'« + h-A p 

c 

, -f h Gm 

c 

, + h.Mn 


s 


G 

s 


G 

s 

G 


sp 

ZP 

Pg 

sp 

gp 

Pg 

sp 

sp n 

Galleria mellonella 

37 

28 

90% 

35 

27 

90% 

26 

25 S0%_ 

Anthcrea perny i 

35 

28 

90% 

32 

26 

85% 

29 

26 l 

Melolontha melolontha 

32 

25 

80% 

28 

25 

soy 

28 

27 HOT', 


S, survival, G growth, ip, average survival period m days, gp, average growth 
» PS, percentage of tissue growing , h-Ap, haemolymph, A pemyi, h-G Jn. — barmoo . 
C mellonella, tMin, haemolymph, M melclomha 


of tissue growing showed the maximum growth and survival period of ^ 
tissue with haemolymph from A pemyi, followed by the tissues r jt 12 ^ 
medium with haemolymph from G mellonella As far as the percentage 
tissue growing was concerned both of them appeared to be similarly cfTcctrsr 
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The medium with haemolymph from M. melolontha appeared to be the inferior 
in all respects. 


go- 

So 

10 

60 

50 

40 

30 

20 - 

10 - 

oJ 


■ r M CD + HAEM, a j>enrvy. 

0 m MED. C/,+ HAEM £ vnrlUe/fe j 
g m MED C U +1-{A£M 


11 


V) 

r~ 

< 


ABC 



Graph 1. Graph showing the comparative merits of the differentcombmatmnsoftte 
modified Trager’s C 4 with different haemolymphs for the survival and growth of intestinal tissue. 
A. From G. mellonella, B. From A. pernyi, C. From M. melolontha. 

Survival and growth of intestinal tissue explants from A. pentyl vim 

interpreted in terms of average survival period, average growth period and 

the percentage of tissue growing showed the maximum survival and growth 

period and the percentage of tissue growing m the medium with haemdymph 

from A. pernyi. The next best in all respects were the cultures set nf .with 

haemolymph from G. mellonella. In the same way surv.vial and growth of 

• i - it m melolontha when interpreted showed the 

intestinal tissue explants from M. meioiomnu wncu y 

maximum survival period in the medium wit aemo >mp neriods 

With haemolymph from G. mellonella and M. melolon^ sumsa per od 

were the same Growth period was,' however, maximum m the cultures set 

UP With h^olymph from M. melolon,„a. In the outaes wit haemolymph 

from A. pernyi and G. '"^"""''“^^e^ombtaations was the same, 
percentage of tissue growing m all tne tn 

The survival period, growth period and the pementage of Ussuk growmg 

in different media are shown “ ““ P jn different combinations 

conditions of cultures of tissues from din 



a iw.i!Tr^ Graphs comparing the rates of growth In it lest mall issue erplaro: 
difntnt haeno^p Y £ Hlorena ' 4 From Kf tnebbuha in the medium mod fied Tragn’* 


«“ln medium C, + hacmoIjTrph from A. 

" ” n ^‘ u '' n C * ^ ’»«nobmph from C. methnetla, 
c - in med-um C. + taemolymph from M. nxhlorjha 


r>t* 
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-of the modified Trager’s C 4 medium after 7 days of cultivation are shown in 
Figs. 1 to 9. 

The rates of growth followed in the intestinal tissue explants from 
G. mellonella, A. pernyi and M. melolontha set up with the different combi- 
nations of the modified Trager’s C 4 medium in a criss-cross way showed 
(Graphs 2, 3, 4) that in the first phase up to the tenth day in all cases except 
with the tissue from M. melolontha the coefficients of growth had higher value 
in the medium with haemolymph from A. pernyi. In the later phases, how- 
ever, around the twentieth day all the media showed lower coefficients of 
growth with not much of difference between them though in -two sets with 
haemolymph from A. pernyi growth coefficients were slightly higher. 


Discussion 


Review of the above observations shows that tissues set up with haemo- 
lymph from A. pernyi showed the best growth. Next best were the cultures 
with haemolymph from G. mellonella. Growth in cultures set up with 
haemolymph from M. melolontha even with the tissues from M. melolontha 
was not better than the M. melolontha tissue with haemolymph from A. pernyi, 
which shows that there is no specificity in the action of haemolymph. There 
is difference in the action of haemolymph, but that appears not to be related 
to the species from which haemolymph has been added and the species from 
which .tissue has been taken but on some other factor or factors. It is an 
admitted fact that haemolymph in some of the insects is richer in organic 
and inorganic components and in its suitability for the culture of di erent 
tissues that might be the more important factor than the narrow unit o 
species differentiation and as has been found from the above experiment in 
some cases haemolymph from other insect might be more suita e or l ie 
culture of tissues than the haemolymph from the same species. 


" — - . Summary 

Cultures were set with tissues from three species of insects, v/z., G-melh- 
nella, A. pernyi and M. melolontha in thebasic medium (mo i e ra 4 

with haemolymph -from each of them in a criss-cross- w ay. e r su 
interpreted to see if there was any specificity m the action of h e 1 P 
for the culture of tissues from a particular insect in vitro showed that. 

(1) There is no specificity in the action of haemolymph. 

(2) Slight differences in the action of haemolymph for the ^ cuUure of 
different tismes exist but that does not appear to be specific, as tissues Iron! 
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all the insects showed a little better growth in the medium with haemolymph 
from A perny i 

(3) The differences areexplained to be due to possible differences amongst 
different haemolymphs in the richness of some organic and inorganic compo- 
nents 
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TlOS. 1-3 Intestinal tissue explores from G meHonetla after 7 days of cultlratlon H 
Fig. I Put in the modified Trager’s C, medium with haemolymph from A pernyf 
Fif. 2 Put in the medium modified Trag-r t C, with haemolymph from C meBoneBa 
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Fig. 3. Put in the medium modified Trager’s C 4 with haemolymph from M. melolontha (all 
in vitro, X53). 

Figs. 4r6- Intestinal tissue explants from A. pemyi after 1 days of cultivation in vitro 
Fig. 4. Put in the modified Trager’s C 4 medium with haemolymph from A. pemyi. 

Fig. 5. Put in the medium modified Trager’s C 4 with haemolymph from G. mellonella. 

Fig. 6. Put in the medium modified Trager’s C 4 with haemolymph from M. melolontha (all stained 
with Giemsa, X53). 


Figs. 7-9. Intestinal tissue explants from M. melolontha after 7 days of cultivation in vitro. 
Fig. 7. Put in the modified Trager’s C 4 medium with haemolymph from A. pemyi. 

Fig. 8. Put in the medium modified Trager’s C 4 with haemolymph from G. mellonella. 

Fig. 9. Put in the medium modified Trager’s C 4 with haemolymph from M. melolontha (all stained 
with Giemsa, X53). 
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I Potential Nitrate and Nitrate Kcductase in Sugarcane 7 

and Their Possible Relation to Yield Capacity* 

By K Parthasarathi akd S Ramakrisiinan 

{ Sugarcane Breeding Institute, Colmbatore-7) 

Received September 11, 1963 
(Communicated by Prof T R. Seshadn, ru, FA. sc) 

ALTHOUGH the ability of intact plant tissues to reduce nitrate has been estab- 
lished for many years,*- ,7 - 81 it is only recently that the mechanism of this 
reaction, and the nature of the concerned enzyme, nitrate rcdLctase, and 
its relation to nitrate reduction, photosynthesis and respiration in plants, 
ha\c been elucidated •- 15 

In sugarcane, a detailed study of nitrate reductase has not so far been 
made Preliminary tests by the present authors 'honed the presence of 
nitrate reductase activity (NRA) in the leases, roots and stem of sugarcane 
In the stem it was found to be present in a considerable amount This a 
of interest since the reduction of nitrate is reported mainly m the 
roots*- 4 » 10 - ”• 1# ~ s0 and shoot system 5 - *- ,s * ,< (leaves, leaf buds and men* 
stcmatic portions of green tender stems) of plants Since nitrate reduction m 
the plant parts, other than leaves, is coupled mth respiration, and since in 
sugarcane stem the presence of large amount of sucrose could gi'C risc 
to a free supply of glucose and fructo'e for respiratory reeds, the h>RA 
therein is considered to be of significance In the present work, a stud) has 
been made of the NRA, and the nitrate N, total N and sucrose contents in 
sugarcane stem at different stages of growth Frcm a study of the relation 
between NRA and nitrate levels, occurring at different growth periods, the 
concept of potential nitrate and its possible utility in determining the 
superiority cf a cane variety in respect of yield haw fcecn discussed 

Materials and Methods 

The hybrid sugarcane varieties Co 475, Co 508, Co 678 and Co 453 
were used for the study The former two are earlier in ripening as compared 

• Pubtiibed With the approval cf the Director, Supreme Bradm; Isstito 4 * , GwaMWf* 7 - 
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to the latter two. The varieties were planted in the first week of April 1962 
in five replications, each replication containing three 20* x 1 1 ' rows per variety 
The rows were spaced 3' apart. Twenty setts (three-budded) were planted 
per row. Ammonium sulphate at t he rate of 6001b. per acre was applied 
in two equal doses at 45 days and 90 days of age of the crop. Irrigation 
was given at weekly intervals. 

Samples of stem were taken at monthly intervals frem 6-j months of age 
of the crop, when there was sufficient amount of stem formation, up to 11 
months of age. For sampling, each time, per variety, 2 rets of 5 main tillers, 
drawing two main tillers from two side-by-side growing clumps from each 
replication, were taken at 10 a.m. One set was used for extracting the juice 
for estimating NRA and true-sucrose content. The other set was used for 
preparing a dry sample by cutting the cane into small bits, drying rapidly 
at 85-87° C. in a well-ventilated electric oven, powdering ‘arid then 
preserving the powder. Samples of main tillers in the vegetative phase only 
were taken throughout. 

True-sucrose content in the juice was estimated by Clerget’s double, 
polarisation method. 10 NRA was estimated adapting the method of Hibbard- ? 
To 20 ml. fresh juice were added 40 ml. of 0-05 M phosphate buffer (pH'7-3), 

4 ml. KN0 3 solution (10 %) and 40 mg. glucose, -and the pH of the contents 
adjusted to 7-3 with 0-2NNaOH using phenol red as external indicator.- 
After adding sufficient toluene, the contents were incubated at 37° G. for 
20 hrs. after which they were made up to 100 ml. This solution was clarified 
with 12 gm. activated carbon, and 10 ml. of the clear colourless filtrate was- 
used for nitrite estimation with a-naph.hylamine-sulphanilic acid reagent. 
The sample of activated carbon used was tested and found to be free from 
adsorption of nitrite. 

In the powdered samples total N (p) was determined following the 
A.O.A.C. procedure, 1 while the nitrate N (q) was estimated according to the 
method described by Humphries. 8 ip-9) gave total N excluding nitrate N. 

-> At 10-3,- months of age of the crop, weight of a bulk sample of 50 millable 
canes per variety (10 canes at random from each of the five replications) was 
lecorded and the canes were crushed. The bulk juice sample obtained was 
used for recording the brix, sucrose and true-sucrose values. 

In Table I are given the values for NRA; true-sucrose, nitrate N and 
total N (excluding nitrate N). In Table II are given -the weight of 50 canes, 
the number and weight of canes in 15 rows, the true-sucrose per cent, in 
juice, and the C.C.S. (Commercial Cane-Sugar) per cent, cane, as estimated 
from the bulk cane sample, in respect of- each. variety. 
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Results and Discussion 

From Table I it can be seen that a considerable amount of NRA u 
present in the cane stem in all the 4 % r aneties throughout the different stages 
Table I 


Shoeing the nitrate reductase actnit) and the percentages of true sucrose 
nitrate N potential nitrate N and total N at different stages of groM th 


Month of Sampling 

October 

November 

December 

January 

Februarj 


1962 

1962 

1962 

1963 

1963 

Age in months 


71 

81 

91 

10! 

Variety 


Nitrate Reductase Activity! 


Co 475 

0 009* 

0 013* 

0 023* 

0 018 

0 015 

Co 508 

0 094 

0 017* 

0 037* 

0 028 

0 032 

Co 678 

0 160 

0 021* 

0 033* 

0 024 

0 017 

Co 453 

0 022* 

0 027* 

0 031* 

0 030 

0 030 



True-Sucrose Per cent 

of Juice 


Co 475 

8 3 

9 7 

17 1 

16 5 

17 5 

Co 508 

10 3 

12 1 

16 4 

17 6 

16 8 

Co 678 

7 6 

9 6 

12 4 

14 2 

15 7 

Co 453 

8 4 

11 6 

13 2 

14 5 

14 9 



Nitrate N Per cent J 


Co 475 

0 050* 

0 064* 

0 098* 

0 132 

0 102 

Co 508 

0 048 

0 055* 

0 075* 

0 032 

0 051 

Co 678 

0 040 

0 048* 

0 079* 

0 08! 

0 071 

Co 453 

0 029* 

0 046* 

0 052* 

0 071 

0 016 



Potential Nitrate N Per cent * 


Co 475 

0 031 

0 044 

0 078 

0 061 

0 051’ 

Co 508 

0 094 

0 017 

0 037 

0 028 


Co 678 

0 408 

0 054 

0 084 

0 061 


Co 453 

0 067 

0 082 

0 095 

0 092 

0 092 


Total N (Excluding Nitrate N) Per cent { 


Co 475 

O 33 

0 28 

0 24 

0 28 

0 21 

Co 508 

0 44 

0 37 

0 22 

0 54 


Co 678 

0 42 

0 37 

0 34 

0 38 


Co 453 

0 45 

0 41 

0 34 

0 31 

0 23 





. _ 

— — — - 


• \ slues used for drawing n-tnte N reductase activity ynr h - 
t rat- nitrite N per 100 tirroe Cmd. 

5 Fereectije cn zero nso sture bus. 
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of growth. ' But for the initial high values in Co. 508 and Co. 678, during 
October, the general tendency in NRA is gradually to increase up to December 
and thereafter to decline. It can also be noticed from the table that the 
true-sucrose percentage of the juices bears no relation to the NRA throughout 
the different stages of growth after cane formation. The relation ^ between 
NRA and nitrate N levels, in the different varieties, brings out certain points 
of interest. In general, the gradual increase m the nitrate N values during 
the three months October, November and December, m all the four varieties, 
Is followed by a gradual increase in the NRA also during these months. 
During January and February, however, m general, a decrease in the NRA 
Totoved while the nitrate N tends to remain relatively at a higher level 
of all the four varieties. The reason for this i, discussed at a 

later stage. 

Table II 


is 


Data of analysis of bulk cane sample 


Variety 

Wt. of 

50 

canes 

(Kg.) 

No. of 
canes 
in 15 
rows 

Wt. of 
canes in 
15 rows 
(Kg.) 

True- 
sucrose 
per cent, 
in Juice 

C.C.S. 
per cent, 
in cane 

Wt. of sucrose 
in the canes 
contained in 

15 rows (Kg.) 

Co. 475 

56-66 

401 

454-3 

17-1 

12-98 

58-99 

Co. 508 

29-34 

962 

564-5 

17-7 

12-73 

71-86 

Co. 678 

78-30 

750 

1174-5 

16-1 

10-78 

126-70 

Co. 453 

45-80 

840 

769-5 

15-7 

10-90 

83-87 


, . f nitrate N and NRA values with gradual increase 

The occurrence of sets of nitrate N anQ draw grap hs showing 

during October, November and Decern er e ^ graphs for Co. 475 

the nitrate N-NRA relation for the 4 van • N and NRA i s linear. 

and Co. 453 show that the relation e we ^ drawn witt t l ie sets of 

In the case of Co. 508 and Co. _ during November and December, 
values of nitrate N and NRA obtained during Novem 

The nitrate N-NRA ,aphs ao $£££*» ^ 

the X-axis, the reading at the pom o t ^ e ra t e of its assimilation 

depending on the rate of ^ J , rarc the values of nitrate N an 
in the different varieties. If * an , and * a ’ the reading at the 

NRA, represented by any point on the graph, 
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point of interception, then (X — a)/Y gives the factor,/, by which the NRA 
is to te multiplied to get the percentage of nitrate N potentially significant 
(potential nitrate) in reduction. 



-♦ 40 TO O la 40 60 80 “» “W* 

. _ NITRATE N PER CtNT 

Fio. 1. Show 03 mtra'c n-rcductase activity rtlalion. 

When the NRA is at a very high level as observed in the varieties Co. 50S 
and Co. 678 during October, the assimilation of nitrate could be expected 
to take place at a rate far higher than its absorption thus resulting in low 
observed nitrate N values ^disproportion to the NRA. Similarly, if NRA 
decreases to lower levcls.and jf there is a cpntinuous uptake of nitrate, then 
the observed nitrate N values lend to be high in disproportion to the NRA. 
as seen in the case of all the four varieties during the months of January and 
February. Hence, under cither of these two circumstances, the NRA and 
the observed. rutratc N, values, being not proportional, will be of little u<e 
in the construction of the graph showing nitrate N-NRA relation. But 
even in these cases it is possible to find the potential nitrate N (pN) provided 
the nitrate N-NRA graph is drawn, as already explained, using two or more 
sets of the required values and the factor, /, is calculated. In practice, it 
is convenient To havcihrec or more sets of the required values by increasing 
the frequency^ of sampling 

The pN values calculated for the 4 varieties at the different stages of 
growth are given in Table I. pN values, being directly proportional to 
theNRA values, shew’ the same trend of fluctuation. Since pN gives a measure 
of the quantum of nitrate reduction and consequently nitrate utilisa* 100, 
its level in the plant is of interest. It can be seen from Tables I and II th al 
in genera!, higher values of weight of cane as well as sugar, calculated fer 
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15 rows at the 11th month, are accompanied by higher pN values during the 
7th, 8th and 9th month of age of the plant when the grand period of growth 
is expected to occur in the plants. A higher level of pN during the 7th, 8th 
and 9th month stage of the plant can thus be considered indicative of the 
superiority of a cane variety in respect of yield over one with a lower level. 
A detailed confirmatory study of this aspect ia being taken up. 

On the basis of the pN values at 7th, 8th and 9th month stages the 
4 varieties may be' arranged in the order of decreasing yield (calculated) as 
follows: Co. 678, Co. 453, Co. 475 and Co. 508. This order has been found 
to be so in actual experience. In the present experiment, however, Co. 475 
showed the minimum weight of cane and sugar in 15 rows. This may be 
explainable as due to an'uitusually -poor germination of 37% in Co. 475 as 
against the 55% to 62 %-germination observed in the other three varieties whicn 
appears to have resulted in the discrepancy in the position of Co. 475. 

The total NlexcluHmg nitrate N) values, which in general show a gradual 
decrease with the age of the plants, do not seem to bear any corre a io 
with ihe NRA. j - - 


Summary 

A study of the nitrate reductase Activity (NRA) and nitrate N levels at 
different stages of growth in the stem of 4 sugarcane varieties • 
that during the 7th, 8th and 9th month stages of growth of 
observed nitrate N and NRA levels show a good degree of ^ ar 1 ' 

Based upon this relation, it has been shown that nitrate N that is po enPal* 
significant (pN) in reduction could be calculated at t e montJl 

growth of the plants. A higher level of pN during e , superiority 

stages of growth in a cane variety appears to be indicative of the supeno y 

of the variety in respect of yield. 

4 
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STUDIES ON THERMO-PHOTO-SENSITIVITY OF 
THE PADDY PLANT UNDER 
FIELD CONDITIONS* 


By R. Venkataraman 

(. Agricultural Research Station, Palur, Madras State ) 

Received October 16, 1963 
(Communicated by Dr. R. Subrahmanyan, f.a.sc.) 

Introduction 

Photoperiodic effect on rice has been studied by several workers and reviewed 
by Ghose et al. (1960) in India and Morinaga (1954) in Japan. However, 
the effect of light on the plant could not so far be generalised. It is accepted 
that photoperiodic sensitivity itself is subject to temperature (Oka, 1959) 
but this aspect has not been given due regard in the field (Sampath, 1961). 
Suenaga (1936) was the first to report on the requirement of the optimum day 
length of a variety and minimum vegetative growth for flower-initiation in 
relation to a certain temperature. He, however, did not provide an explana- 
tion for the reaction norm. The observation was not also verified objectively 
under field conditions of exposure. 

The present investigation reports a study by statistical methods on the 
sensitivity of the paddy plant to temperature and day length under field condi- 
tions of exposure. Information is provided on (i) characteristic effects of 
day length and temperature on the plant, (ii) optimum requirement of day 
length and temperature of the plant, (iii) sensitivity of the plant to deviations 
of the above from optimum and (iv) variability of development within a 
clump, due to different states of sensitivity of the shoots during growth. 

Material 

The observations were carried out at the Agricultural Research Station, 
Palur, South Arcot District, Madras State (Latitude 11° 45' N., Longitude 
79° 40' and Altitude 44' M.S.L.). Ten varieties of paddy, two late, three 
medium and five early, were transplanted, when the seedlings were 30 days 

• Published with the approval of the Director of Agriculture, Madras State. 
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118 , , „„i, Tie details or treatment and lay-out ore 

old, at ten fortnightly ■'« m ' als “ 

o 070 Ke green leaf + 68 Kg- supetphos 

phate + 3?Kg Ammonium sulphate applied 
basally before transplantaUon 
Late PLR 1 and Co 19 


given below 
1 Manures 


2. Varieties 


3 Planting time 


4 Day length and tempe- 
rature 


Medium ASD 5, ASD- 11 and Co 30 


Early 

TKM 6, TKM. 3, I 
and Co 29 

No 

Planting date 

No 

I 

1-7-1961 

VI 

11 

16-7-1961 

VII 

111 

1-8-1961 

VIII 

IV 

16-8-1961 

IX 

V 

1-9-1961 

X 


5 Lay-cut 


6 Cropping condition 


planting date 
16- 9-1961 
1-10-1961 
16-10-1961 
1-11-1961 
16-11-1961 


Day length vvas calculated iron, - 
or South Arcot D.stnct for lyt>1 
Temperature ,s that absolute maxunum £^h 
recorded at the Agncul.ural R-mrch 

Station, Palur, at 8 AM every day 

(1) Plan, mg. Singles m row 10' apart and 

between plants m the row 

(2) Number of rows. Six including two guar 

rows v 

(3) Total units under obsenation 10 C' anc 
xlO (plantings) = 100 

The crop was raised under w-et condlt J^ 

adequately irrigated from 
« . . t ♦ fmm weeds 


Method 

Observations were recorded from random samples 0 f t \r 

from the middle four rows Twenty clumps were samp . t 0 f 

hundred units under study. The characters studied wore l / - 
tiller m the dump (measured from base to tip of carhea h c j |BP?t 

against the height or each tiller, (3) number of functional U observation* 
and (4) duration from sowmg to flowering in each unit o 
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Observations (1) to (3) were recorded following the harvest and (4) on the 
date of flowering. 

Fortnightly means of corresponding values of day length and tempe- 
rature were correlated to establish the association of their occurrence. 

Day length and temperature, being factors of weather that give combined 
effect on plant characters, mentioned above, it was necessary to work partial 
correlations to determine their separate effects. Again, as the object was 
to study general reactions, the means of group values of the late, medium and 
early varieties on each plant character were considered in the correlation studies. 
The stage or stages at which induction takes place was deduced from significant 
correlations between quantitative attributes of plant characters and the weather 
factors, for periodical intervals from planting to flowering. Data on plant 
characters from I to X plantings on one side and on the other, those of the 
corresponding day length and temperature for every fortnight separately 
from planting to flowering were correlated. In other words, the values of 
each plant character of I to X plantings were kept fixed and the values of day 
length and temperature were slided up against them and every shift gave 
a new set of ten pairs of values. The different partial correlation coefficients 
on the combinations were calculated limited up to the tenth, eighth and fourth 
fortnight from planting respectively for the late, medium and early groups 
of varieties and the limit reached the flowering time. One hundred and seventy- 
six calculations were made. 

The measurements of height and ear-length of tillers from all the clumps, 
for each planting of a variety, were grouped in respective correlation tables 
and the correlations were tested. These calculations are based on a total 
of 9576 independent pairs of observations. 

• Results 

(a) Correlation between Natural Day Length and Temperature 

The data collected on day length and temperature are presented in fort- 
nightly means in Table I. The coefficients of correlation between day length and 
temperature are presented in Table II. Table I shows that both day length and 
temperature decrease from July to middle of December (Fortnights I to XI) 
and increase from December to June (Fortnights XII to XXIV). Table II 
establishes highly significant positive correlation between the two weather 
factors, while indicating possibilities of slight disturbances in their relations 
due to season. 
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Table I 

Fortnightly mean \alues of day length and temperature 
(Pafor. 1961-62) 


Fort- 

night 

No 

Begin- 
ning - 

date 

Day length Tempe- 

nature 

lit Mm ' C 

Fort- 

night 

No 

Begin- 
ning — 
date 

Day length Tcmpe- 

rat u re 

Hr Mm * C 

1 

I -7-1961 

12 

41 

33-2 

xni 

1-1-1962 

11 

20 

26-9 

11 

16- 7-1961 

12 

17 

33 8 

xiv 

I6-I-1962 

11 

26 

27 2 

III 

1- 8-1961 

12 

10 

32 9 

XV 

1-2-1962 

11 

30 

27-7 

IV 

16- ? 1961 

12 

21 

33 2 

XVI 

16-2-1962 

11 

40 

29-6 

V 

I- 9-1961 

12 

12 

33 3 

XVII 

1-3-1962 

11 

48 

30 0 

M 

16- 9-1961 

12 

04 

32-2 

XVII! 

16-3-1962 

11 

56 

31-3 

VII 

1 10-1961 

11 

50 

32-6 

XIX 

1-4-1962 

12 

05 

33-0 

vm 

16-10-1961 

If 

43 

30 4 

XX 

16-4-1962 

12 

19 

34 0 

IX 

1-11-1961 

11 

33 

29-7 

XXI 

1-5-1962 

12 

29 

34 4 

X 

16-11-1961 

11 

24 

27-2 

XXII 

16-5-1962 

12 

35 

34*8 

XI 

1-12-1961 

11 

19 

25-1 

XX1U 

1-6-1962 

12 

39 

35-4 

XII 

16-12-1961 

11 

18 

26-6 

XXIV 

16-6-1962 

12 

42 

36*8 


(t>) {?u' , n/ir«mrr Attributes of Plant Characters 

The data on the quantitative attributes or the four plant characters 
flfainM each time of planting are presented in Table HI, 

1. Height —Height decreased from planting II to planting VII in 
medium aid late groups and up to planting VI in early group In the sub- 
sequent plantirgs. there was tcrdcncy for increased growth However, in 
p'artirp IX. he ght dccrcmed orce again 

2. Ecrdergth —The le-gih of the car head increased up lo p’anltr.g IH 
m late group. p’antirr IV in ned un {roup and planting II in earl) group 
There «as reduction m length m the subsequent plantings, till planting Vll 
in all the troops. Thc-c tendency to increase again from planting VIII. 
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Table II 

Simple correlations between mean day length and temperature 


Sequence of fortnights from Table I Correlation Conditions 

— Coefficients (r) of influencing 

Months Fortnights (Significant weather 

(Ten at a time) at P = 0*01) 


July to November 

ItoX 

0-8748 -I 


Do. 

II to XI 

0-8923 

Summer 

August to December 

III to XII 

0-9097 


Do. 

.. IV to XIII 

0-9397 


September to January 

V to XIV 

0-9484 


Do. 

VI to XV 

0-9298 


October to February 

. . VII to XVI 

0-9572 

N.E. 

Do. 

.. VIII to XVII 

0-9230 

Monsoon 

November to March 

. . IX to XVIII 

0-9348 


Do. 

X to XIX 

0-9783 


December to April 

. . XI to XX 

0-9833 J 

Spring 

Do. 

. . XII to XXI 

0-9931 j 


though followed after a fall in planting IX. The fall continued in the early 


8r0U a' Tillering — The data relate to functional tillers. Tillering was low 
• ♦ ioli in oT and increased up to planting IX in late group and planting- 

vTlUn medium group. In early group, altering was high against planting 1, 
fell up to planting VI and increased agam. • 

4 Duration — Duration was delayed on either side of planting 

for late and medium groups and planting VI for early group. 

(e) partial Correlation Coefficients between Plant Characters and Temperature 

Eliminating Effect of Day Lengt i 

_ of Dart jal correlation of temperature separately with 

The ‘f»«f^^^ 1talalc . ined i uin and early groups of varieties, 
the four plant characters for tn ^ jn Table IV . 

with reference to age of the crop arc y 



Tab Li! Ill 

,„lue ; of charaetirs of early, medium amllale l arteries 
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105 5 98 4 89 4 22 8 23 4 



Table IV 

Partial correlation coefficients with temperature 
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t Significant at P =? -ot. 
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1. Height In laic group significant negative correlation in the first 

fortnight and positive correlation in the eighth fortnight from planting were 
recorded 

The trend of association was negative against the first two fortnights 
from planting for late and medium groups and positive later. It was positive 
for the early group of varieties 

2 Ear-length — For the medium group, coefficients against the fifth 
and sixth fortnights from planting were positive and highly significant. 

The trend of association was negative against the first four fortnights 
for the medium group and first three fortnights from planting for the early 
group The remaining trends were positive 

3 Tittering — Foe the early groups, the coefficients against the third 
and fourth fortnights from planting were negative and significant. 

The trend of association was completely negative for the early group, 
negative from the fourth fortnight for the medium group and completely 
positive for the late group 

4 Duration . — All the significant correlations were negative and were 
recorded against the first to third fortnights for medium and late groups. 

The trend of association was negative up to the fourth fortnight for the 
late and medium groups of varieties and positive later. It was completely 
negative for the early group 

(</) far iial Correlation Coefficients between Plant Characters aiu/ Day Length 
Eliminating Ejfect of Temperature 

The coefficient of partial corrchuon of day length separately with the 
four plant characters, in respect of the late, medium and early groups of 
varieties, with reference to the age of the crop are presented in Table V. 

1. Height —AH the significant correlations were positive and were 
recorded against the first four fortnights from planting for the late group 
uiid first two fortnights for the medium group 

The trerd of association was completely poxttne for the early group 
and up to the sixth and fourth fortnights from planting respectively for the 
late and medium groups The trend against the seventh and eighth fortnights 
for the late group and fifth, seventh and eighth fortnights for the medium 
group was re gat is e The ninth and tenth fortnights from planting for the 
late group and the sixth fortnight for the medium group tended to positively 
associate with day k n g*h 



Table V 



Significant at P — '05. j- Significant at P= -01. 
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1 Ear-length —All the significant Correlations were poutne and were 
recorded against the first four fortnights for the late group, fifth and sixth 
fortnights for the medium group and second to fourth fortnight for the earlj 
group 

The trend of association was completely positive in all the three groups 
of varieties 

Tab ix VI 

Significant effects of day length and temperature on plant characters 
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3. Tillering. — For the medium group, the coefficients were significantly 
negative against the second and fourth to seventh fortnights from planting 
and positive for the early group against the fourth -fortnight. 

The trend of association was completely positive for the early group, 
completely negative for the medium group and negative up to the seventh 
fortnight from planting and positive later for the late group. 

4. Duration. — All the significant coefficients were positive and were 
recorded against first to fifth fortnight for the late and first to sixth fortnight 
for the medium groups. 

The trend of association was positive except against the eighth fortnight 
for the medium and late groups and first fortnight for the early group. 

(e) Stages of Life of the Plant in Relation to Significant Association with 

Temperature and Day Length 

The associations of plant characters of the late, medium and early groups 
of varieties with day length and temperature were traced on the same stage 
of life phase of the plant. The significant partial correlations of day length 
and temperature extracted from Tables IV and V are presented side by side 
in Table VI to facilitate discussion. The responses, due to temperature and 
day length, varying for the vegetative and reproductive phases of the plant 
appear to be essentially similar for all the three groups of varieties. 

The vegetative phase of the plant continues till flower-initiation. 
According to Oka (1958) flower-initiation is expected to occur about 30 days 
before flowering. In this study the minimum duration to flower for the late 
group is 125 days and for the medium group is 111 days. Deducting 30 days, 
the flower-initiation may be expected to be about the fifth fortnight from 
planting (95 days from sowing) for late group and fourth fortnight from 
planting (81 days from sowing) for the medium group, and not earlier. That 
is, up to these limits the vegetative phase continues. As regards the early 
varieties, it is observed from Reports of the Agricultural Stations in Madras 
(1933), that flower-initiation commences much earlier to cessation of vegetative 
activity of the clump. Hence, vegetative activity continues till end or three 
fortnights from planting. Thus the line V/R in Table VI formally demarcates 
the vegetative and reproductive stages of fife of the plant in (he group. 

(/) Correlation between Height and Ear-length 

Table VII presents the correlation coefficients between height and ear- 
length within the clump. Of the total of 100 correlation coefficients, 50 



Tamt VII 

Correlation coefficients between height and cnr-Ungth 
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Significant it P- -05. t Significant at P 
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were recorded from the early group and the other 50 from the medium and 
late groups. 61 correlations were significant. Of these, 37 belonged to 
the early group and the balance 24 to the late and medium duration groups. 
Further, associations of the value, r = 0-500 and above, were 17 out of 37 
in the early group and only 3 out of 24 in the other two groups. 

Discussion 

Only the significant correlations are interpreted for general discussion 
and the non-significant trends compliment them in contexts. Positive correla- 
tion signifies positive effect on the development of plant character following 
increased day length or temperature. Negative correlation signifies negative 
effect on the development of plant character following increased day length 
or temperature. By positive effect is meant increase in height, ear-length 
and number of functional tillers and reduction in the number of days to flower. 
In the same way, by negative effect is meant reduction in height, ear-length 
and number of functional tillers and increase in number of days to flower. 

Duration provides an estimate of the average rate of development. From 
Table III, it could be seen that the flowering duration of any group of varieties, 
including the early group, varies with time of planting. For instance, for the 
late group the duration extended from 125 to ]64 days. In other words, 
flower-initiation being 30 days before flowering, the plant can attain full 
development for flower-initiation by growing for 95 days only or more up to 
134 days, depending on planting time. In the former instance, the growth 
period is shorter and development is faster (1/95) while in the latter instance 
the growth period is longer, but rate of development is slower (1/134). 
Growth refers to increase in the size and number of cells, while development 
refers to their progressive state in time towards differentiation of stages in 
the plant. Growth is measured in space, while development is measured 
both in space and time. Oka (1958) recognised the two different processes 
in paddy plant. 

(a) Disposition of Natural Day Length and Temperature 

From Table I, it may be seen that rise and fall of the temperature, in 
season, depend on the position of the earth in relation to the sun. From 
Table II, it may be seen that the two factors arc invariably closely associated. 
In the sequences beginning with the summer months (July-August) the 
magnitude of the correlation values is slightly less. The values improve 
in the sequences beginning with the monsoon months (September-November). 
The relations are good from close of winter to spring (December-April). 
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The orderly and slight influences of the environment, and the high degree 
of the correlation and its stability in the sequences, from any part of the year, 
practically affirm that day length of a season has its own selective tem- 
perature and \icc-\ersa 

(b) Time ami Effect of Induction of Da) Length and Temperature 

Table VI shows that (1) temperature produces the negative efTect on 
duration while day length produces the positive efTect; (2) temperature pro- 
duce^ the negative efTect on height in the pre-flow enng phase while day length 
produces the positive efTect and (3) temperature produces the negative effect 
on tillering in the vegetative phase of early varieties, while day length pro- 
duces the positive effect The above effects of temperature opposed to 
those of the day length, were noted in the vegetative phase of the plant So, 
these are bound to influence the efTect of day length on the physiological 
functions of the plant The effects of temperature and day length were 
together positive on ear-length and height at the post-flowering phase This 
aspect will be considered separately 

An increase of temperature in the vegetative phase arrests growth and 
promotes development while increase of day length promotes growth and 
arrests development Both growth and development are necessary to 
complete life-cycle According to Lysenko (1932; ude Chandrasckaran 
et al , 1953) growth and development are independent and arc controlled 
by different sets of environmental factors He explained it by the phasic 
development of the plant He mentioned the thermo-phase and the photo- 
phase of the plant and treatments in the order, to the best cultural advantage 
He, however, conceded that growth and development can also be concurrent 
Trom the present investigation, it is seen that since temperature and day 
length produce opposite effects, a balance, physiological in nature, is attained 
m the plant, at an optimum level for full development with minimum growth 
Desired advantages of extended growth can also be produced at adjusted 
levels of temperature and day length at a time 

(f) Optimum Requirement of Day Length and Temperature for the Plant 

As stated above, when temperature and day length neutra ise each other’s 
effect m the plant, the plant grows under non-sensmve conditions That is, 
at this condition, there is only development and no luxurious growth over 
t Typlcai rcbudMions on duration are noted in this stud) (r de 

Table 111) on etthcr side of planting VI to VII for late, medium and ear!) 
roups ° r 'incurs The growth period up to Oowenng from these critical 
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plantings are the least for the respective groups. Therefore, the varieties 
approach and pass through a brief state of optimum level of temperature 
and day length obtaining under field conditions. Suenaga ( vide Morinaga, 
1954) observed that at a certain temperature, each variety of paddy had its 
own optimum day length under which it comes to earing at the earliest. As 
the day length deviates from the optimum to either the longer or shorter 
side, the time of ear-emergence is retarded. The present evidence corrobo- 
rates his observations. Further, each temperature at a time is equated by 
one complementary day length only in nature. The plant that chooses either 
of the factors invariably has chosen both as criterion for minimum gowth. 
Thus, optimum temperature and day length of a variety are simultaneously 
met with under field conditions. 

It must, therefore, be possible to find the limits within which the optimum 
temperature and day length lie for each variety. As, at this level, the reactions 
are neutralised, it is evident that the level is chosen by the variety itself, and 
may be called the optimum temperature (or day length) of the variety. The 
critical planting for early varieties for minimum duration under field condi- 
tions is planting VI ( vide Table III) and temperature has significant influence 
on duration up to the third fortnight from planting {vide Table VI). The 
temperature of the succeeding third fortnight (Fortnight VIII) is 30-4° C. 
and of the second fortnight (Fortnight VII) is 32-6° C {vide Table I). Hence 
it can safely be said that the level lies between these two readings. In the 
same way, for late and medium duration groups, temperature influences 
duration on the succeeding second and third fortnights and stepping from 
the critical planting VII, the level can be said to lie between the readings 
29-7° C. (Fortnight IX) and 30-4° C. (Fortnight VIII). 

Temperature and day length, as recorded in this study, are indices respec- 
tively of the total warmth and intensity of light in the day. The effect of 
natural day length, as a component of temperature, is not only for the duration 
of sunshine but also for its intensity. The importance of the intensity of light 
cannot be minimised (Best, 1959). Hence, day length, controlled artificially 
or compared between different altitudes at same latitude, would need, in 
effect, correction for intensity. 

{d) Deviation of Natural Day Length and Temperature from the Optimum 
and Norm of Reaction 

From the above, resultant effect of natural day length and temperature 
is neutral, when their levels are the same as the optimum for the variety. 
When that environment is not the optimum for the plant, the development 
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is delayed In other words all day length and temperature higher or lower 
than the optimum give delavmg effect The higher lev els are known as super- 
optimal and the lower levels as sub-optimal 

By virtue of natural dav length and temperature (Table 1) the super- 
optimal higher temperature and longer day length go together Here the 
delaying effect would appear to be due to the longer day length, for, higher 
temperature would only hasten flowering as seen from statistical deductions 
(\tdi Table l\) On the other hand when sub optimal lower temperature 
and shorter day length go together in the season the delaying effect would 
be due to lower temperature for shorter day length would only hasten 
flowering (Table V) Hence the norm of reaction by which the day length 
displaved the final effect of delay »n the former case and did not do so in the 
latter case has to be explained Monnaga and kunyama (1954) recorded 
that the internal mechanism of retardation seemed to be quite different 
m the case of sub-optimal photopcriod and super optimal photopenod 

It would mean that while both temperature and day lencth decide the 
rate of development one of them n temperature acts as a modifier of 
sensitivity and day length gives the momentum (Oka 1959) In the present 
instance for the late group the optimal day length is about II 33 firs and 
the optimum temperature 29 7"C when the minimum growing period was 
recorded against planting VU Earlier plantings under super optima! levels 
of temperature and day length delay heading A probable explanation is 
that ihc higher temperatures increase metabolic activity of the plant The 
effect due to longer day is expressed better and heading is delayed The 
higher the level the higher was the variation from the minimum In the 
later plantings sub-optimal and decreasing temperatures depress metabolic 
activity The hastening effect of sub-optimal in decreasing day length is 
minimised resuming in delaved heading In short the hastening or delaying 
effect of day lencth is enhanced by increasing temperature and suppressed 
by decreasing temperature The combined effect, therefore is due to thermo- 
photo-sensiti\u\ 

The retardation which is so conspicuously noted for flowering duration, 
has no parallel for height and ear length (Table III) It is seen that the 
height of plant and ear length could kc reduced by decreasing dav length 
even though duration w a s prolonged under sub-optimal conditions This 
,s yet another aspect of dav length {tide Table VI) Significant correlations 
m ihc vegetative phase With regard to height and car length are found only 
w ih day length and not with temperature except m one instance for height 
ta the cr-dtun group This aspect of day length may be due io the photo- 
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synthetic action of light, which is indistinguishable experimentally from the 
primary effect of light (Mohr, 1962). 

(e) Effect of Field Exposure in Relation to Time of Planting 

Any variation in the treatment alters the normal processes of growth 
and development at a stage when the plant responds to induction. Under 
field conditions, Ramiah (1933) recorded that the duration of a medium 
duration variety varied from 90 to 230 days depending on the time of planting. 
But, the limit to acceleration is the absolute minimum vegetative period 
(M.V.P.) required for flowering (Suenaga, l.c.). This results by growing 
the plant under its optimal conditions of day length and temperature for a 
definite and continuous period. Field exposure is not so uniformly regulated. 
The minimum for a variety, met with under field conditions, is just an approxi- 
mation and above the real (M.V.P.). The former can vary from place to 
place. Therefore, a plant under field conditions can be made to ear earlier, 
by treatment, at any part of the year. 

The late and medium groups of varieties grow under super-optimal 
conditions at planting I (Table III). From planting I onwaids temperature 
and day length decrease gradually in the growing period and approach the 
optimum for the groups by the eighth fortnight. This seasonal convergence 
to optimum level may be called the convergent exposure. Under sub-optimal 
conditions, the divergence of day length and temperature from the optimum 
increases in the season. Hence, this may be called a divergent exposure. 

Between July and December, the optimal condition for all the three 
groups of varieties was observed to have occurred only once. However, 
the rise of temperature and day length from December onwards points to 
the possibility of growing in a convergent exposure and attaining optimal 
levels for a second time between February and April. Thus, it is possible 
to cultivate an early variety economically twice in a year, in the summer and 
in the spring. A late or medium variety has two selective planting seasons 
in the year at Palur. Under such circumstances, every variety has a selective 
adoption to season, in relation to its optimal conditions. All varieties appear 
to be weather-bound. All of them are relatively insensitive at the optimal 
conditions and sensitive at other states. 

A plant may grow completely in either state of convergent or divergent 
exposure, with reference to its optimum. It may also pass from any one 
state to the other gradually during the growing period, owing to the time of 
planting. The rate of development is continuously altered. Convergent 
exposure gives gradually increased accelerating effect and divergent exposure 
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gradually increased retarding effect on development. Therefore, the effects 
of field exposure on a plant vanes widely with lime of planting. 

(/) Effect of Field Exposure in Relation to Induction State of the Plant 

The abo\e \aned situations of field exposure interfere with experimental 
results of partly controlled treatments. Induction stage of the plant under 
Geld conditions, in the present study, extended from the 45lh day to 75th 
day for medium and late groups and 30 days onwards from sowing for the 
early group. This period may be reduced on account of short-day treatment. 

Misra (1954) gave short-day treatment for six weeks to week-old seedlings 
of medium \anelies. Heading was delayed. When the treatment was 
continued till heading, heading was hastened Ghose and Shastiy (1954) 
gave 8 hrs. (day length) treatment for 20 days on 30 days old seedlings of a 
number of varieties Heading was hastened in all instances. Sircar and 
Ghose (1947) reported delay m heading in summer varieties of paddy by short- 
day treatment to the seedlings for four weeks and high temperature treatment 
for first ten days. 

The above results may be interpreted in the following manner. In 
Misra’s trials, the treatment was stopped too early, while the plant could yet 
respond to induction. Due to the initial treatment, development was 
accelerated. When the treatment was over and the plant came under longer 
day length of field exposure, it was actually in a higher metabolic state than 
the control. As a result, heading was delayed. The continuance of the 
trtatment to heading prevented response to an alternate field exposure thus 
resulting in early flowering. The author has explained the results suggesting 
that m the ontogeny of the crop, there was a “ rev ersal of the delaying effect 
to eailiness ”, In the trials of Ghose and Shastry (/c.), the treatment period 
was postponed and covered the stage when the plants could respond to induc- 
tion The results were uniform In the experiments of Sircar et at. (f.e.) 
again, the treatment ended early. The plant could be inducted further, 
when longer day length of the field exposure played on the higher metabolic 
state of the treated plant and delayed heading The authors, however, inter- 
preted the results that short day did not induce carliress, but * devemaUsed* 
the effect of high temperature 

U) Variations in the Expressions of Growth within a Clump 

The data on correlation coefficients shown in Table VII illustrate the 
icvult or unsteady relations in growih between height and ear-length. This 
may fcc due to the fact that for the same height, the corresponding length of 
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earhead from different shoots varied very much within the clump, in respect 
of each planting. The variations were partly due to induction effects and 
partly to direct effect of day length as already discussed. The effect varied 
for each shoot, as each shoot, from its time of origin developed under different 
field exposures. 

It may be noted that in the early group of varieties, correlation between 
height and ear-length was much better. The values were high. During the 
limited growth period of 45 days from planting to flowering, for this group, 
the seasonal variation was also limited that gave a rather uniform effect. The 
less significant associations observed in late and medium groups can be attri- 
buted to the longer growth season, and variable effect of field exposure on 
the plant. 

The data from the investigation lead to the inference that varieties have 
to be tested as to their duration and growth in the varied climatic conditions 
to determine their comparative adaptability and that loss of crop can be 
avoided by suitably changing the cropping pattern. 

Summary 

The results of a study on the thermo-photo-sensitivity of the paddy plant 
of different varieties under different field conditions are reported. 

The flowering duration of paddy varieties of the early, medium and late 
groups varied with time of planting. The particular planting in which the 
duration to flowering is minimum represented the critical planting time. 
Conditions of day length and temperature of the growing period at that 
planting are close to the optimum level of requirement of day length and 
temperature for the variety. The method of deciding the level from data 
is explained. Earlier or later plantings than the critical resulted in delayed 
heading. 

The reaction norm of sub-optimal, optimal and super-optimal day length 
and temperature, on the plant, is explained. All varieties have selective 
adoption to season and are weather-bound. All of them derive insensitive 
and sensitive conditions of growth from the environment. The study shows 
that naming varieties as “ period-bound ” or “ season-bound ” cannot be 
strictly justified. 

The main features of field exposure and its variable effect on a growing 
plant from season to season and within a clump is described. The reasons 
for variability of results of controlled treatments are discussed. It is also 
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found that the heighl of the shoot has no direct AUnbutnc influence on its 
ear-length 
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Introduction 

The present paper deals with a piece of petrified wood from the Deccan 
Intertrappean beds in Madhya Pradesh and is comparable to Prof. Sahni’s 
(1946) Pahnoxyloii sundaram described from the same locality. His des- 
cription of this species was based upon a reconstruction made after piecing 
together a number of fragments distributed in different museums in India. 
This fragment discovered in 1951 while conforming to the species sundaram, 
showed many variations from the type species. In view of this it was thought 
desirable that the specimen should be described. The fuller significance 
of this will be discussed later. 


Description 

The specimen described here is fragmentary and brownish-white in 
colour. It measures about 3-5 cm. in diameter and 10-5 cm. in length 
(Photo 1). Transverse sections show that the tissue cannot be divided into 
different zones as in several other species of Palmoxylon. The distribution, 
structure, arrangement and frequency of the vascular bundles indicate that 
the piece probably belongs to the subdermal or central zone of a palm wood. 

Anatomy 

The distribution of the fibro vascular- bundles in the only zone recognisable 
in the specimen, is irregular throughout (Photo 2). The vascular bundles 
are of different sizes and shapes (Figs. 1-8). Most of them are bigger ones 
but in between them are found some slightly smaller ones also (Fig. 1). They 
are usually rounded to oval in shape (Figs. 1-3, 5 and 6). Some are elongated 
also (Figs. 4, 7 and 8).- Their frequency is 80-100 per cm. 2 , F/r ratio is 
0- 5/1—1 /I and their diameter is 0 •2-0*6 mm. The dorsal sclerenchyma is 
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of different forms (Figs. 1-8). But generally they are of reniform type 
(Figs. 2-4, 7 and 8; Photo 3). The auricular lobes are poorly developed. 
The median sinus is rounded to concave (Figs. 2-8). The sclerenchyma cells 
are arranged closely without intercellular spaces and are pentagonal to hexa- 
gonal in nature (Photo 3). The phloem is preserved only in a few bundles . 
The vascular part is bigger than the fibrous part in most of the cases, some- 
times equal to it and consists of the xylem vessels and parenchyma. The 
metaxylem vessels (mxy) are generally two, round to oval, lying side by side, 
excluded (Figs. 1-8; Photo 3). The protoxylem (pxy ) is quite clear (Figs. 
6-8 ; Photo 3). The xylem vessels are surrounded by parenchyma but no 
posterior sclerenchyma is present. There is no tissue developed around 
the fibrovascular bundles as radiating or tabular parenchyma. There are 
no fibrous bundles either. Stegmata are absent around the fibrous part of 
the fibrovascular bundles. 

Leaf-traces are seen throughout the wood. They vary in sizes and shapes 
(Figs. 9-16). Some are very big (Figs. 9, 10, 13-16) and the others are of 
median sizes (Figs. 11 and 12). In the leaf-trace bundles the sclerenchyma 
part is shorter than the vascular part and are quite different in form (Figs. 9-16). 
The median sinus is round and the auricular lobes are round to pointed. 
The dorsal sclerenchyma in some of the leaf-trace bundles is rather compressed 
and is not of any definite shape (Fig. 15). The vascular part consists of 2 or 
3, sometimes, a row of (mxy) metaxylem vessels and a number of (pxy) proto- 
xylem vessels (Fig. 16 and Photo 4). In some cases the vascular part projects 
far out of the median sinus as a tongue-like process (Fig. 16 and Photo 4). 
But in others they are broad (Figs. 10-15). There is no posterior sclerenchyma 
in the leaf-trace bundles also. 

Ground tissue consists of lacunar cells rounded to elliptical, small, 
more or less uniform in size, with thin smooth walls (Fig. 17). The cells 
surrounding the fibrovascular bundles are tangentially flattened. In longi- 
tudinal sections the cells are seen to be placed in vertical rows. 

The pitting of the metaxylem is multiseriate scalariform (Photo 5) and 
the pitting of the protoxylem is spiral. The perforated end walls show 
parallel bars of thickening. 

No leaf-bases or roots are seen in this specimen. 

Discussion and Comparison 

Of all the species of Palmoxylon described from India, listed by us (Rao 
and Menon, 1964) P. sundaram is the only one with which our specimen 
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I 


P. arcotensc Ramanuiam 
(1953) 

P. sundaram i Salmi (1946) 
Sub-dermal zone 

The specimen described in this paper 

D-110/cm. 2 

SD-60-65/ cm. 2 
C-20-25/cm. s 

SD-100/cm. 2 

80-100/cm. 2 

D-16/1 

SD-5/1-8/1 

C-2/1-3/1 

3/2-1/1 

0* 5/1-1 /I 

D-SO-lOOu 

SD-176ii 

C-100/200/X 

1/2-1 mm. 

0 *.25-0 *6 mm. 

Orbicular to reniforra 

Lunate and reniform type. Round 
median sinus 

Reniform type with round to concave 
median anus 

Absent 

Present in leaf-trace bundles 

Absent 

2 

2 

Mostly 2. Proto-xylem preseit 

Absent 

Present 

Absent 

Absent 

Present 

Absent 

Absent 

Absent 

Absent 

Lunate -Kith network 
of narrow rect- 
angular cells often of 
varied shapes 

Regular pattern of small, loosely 
packedl smooth-walled eliptical 
cells of uniform size. The cells 
surrounding the fibrovascular 
bundles are more or less markedly 
compressed in a tangential direc- 
tion 

l.unate with loosely packed smooth- 
walled elliptical cells more or less 
uniform in sizes. The cells 
surrounding the fibrovascular 
bundles are more or less com- 
pressed in a tangential direction 


P, Derma! zone; SD, Sub-derma! zone; C, Central zone. 
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can be compared in some detail On the basis mainly of its lacunar ground 
tissue it offers comparison with PalmoxyJon blanfordi Schenk (Schenk, 1882. 
Stenzel, 1904), P radial Sahm (1931), P mathun Sahm (1931), P jammuense 
Sahm (1931), P simdaram Sahm (1946), P hislopi Rode (1933), P kamalam 
Rode (1933) and Shukla (1939), P arcotense Ramanujam (1953), P dakshmensc 
Prakash (1958), P chhind»arensc Vrztosh (1958) P coccnum Prnkash(1961) 
and P parthasarathy i Rao and Menon (in press) On the basis of this and 
some other characters also a closer comparison is possible only with 
P hiibpl Rode, P kamalam Rode, P arcotense Ramanujam and P 
sundaram Sahm This comparison is shown in Table I 


Table I further shows that our specimen as already stated can be compared 
closely only with P sundaram Yet, it differs from it in the follow- 
ing characters There arc some peculiarly constructed dunumtive bundles 
and fibrous bundles present in the sub-dermal and central zones otP sundaram 
They are completely absent m our specimen The presence of stegmata is 
conspicuous in P sundaram but they are not present m the specimen described 
here The fjv ratio of the fibrovascular bundles even though comparable 
in both the specimens, is slightly bigger in P sundaram than in our specimen- 
It is 3/2—1 /I in P sundaram and 0 5/ 1-1/1 in our specimen The lunate 
type of dorsal sclercnchyma and * the “ trivial character M of the tendency 
for the phloem to become bilobcd * as in P sundaram are not seen in our 
specimen. Lastly, the ventral sc’crenchymatous arc capping the protoxylem 
of the leaf-trace bundles in P sundaram is also not clear in the specimen 
described in this paper 


In view of the above differences of a rather important nature our speci- 
men cannot be placed in P sundaram unless the original diagnosis of the 
species is changed. At the same time the original specimen is much bigger, 
complete and has furnished a number of characters Our specimen is rather 
fragmentary and may or may not really be identical with P sundaram, nor 
has it yielded sufficient number of distinguishing characters to justify its 
specific separation We therefore think that prosisionally at least this speci- 
men should not be put into a new species but can be placed as a nev. variety 
of P sundaram 


Like P rar.darcm our s pea men can also be accommodated in the section 
Coro* like palms and subsection Ren! form' a of the combined scheme of Von 
Mohl OB49) and Stenzel (1904) 
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Palmoxylon sundaram Sahni var. Vidarbhai Rao and Menon 

Diagnosis 

Fibro vascular bundles irregularly orientated and variously shaped ; 
80-1 00 per cm. E rounded to elongated inform; F/v ratio 0-5/1— 1/1 ; diameter 
0 *25-0 * 6 mm. ; dorsal sclerenchyma mostly reniform ; median sinus 
rounded to concave, auricular lobes poorly developed, sometimes rounded: 
metaxylem vessels usually two; protoxylem vessels present. No fibrous 
bundles and stegmata.' Radiating and tabular parenchyma absent around 
the vascular bundles. Leaf-trace bundles present. Ground tissue lacunar 
with cells elliptical more or less same in size with smooth thin walls. The 
cells surrounding the fibrovascular bundles tangentially flattened. 


Summary 


A piece of petrified palm wood from Mohgaon Kalan resembling 
P. sundaram Sahni has been described in this paper. Although it resembles 
P. sundaram in most of the characters, yet this specimen shows some important 
variations from P. sundaram. It is. therefore, placed provisionally as a new 
variety of P. sundaram. 


Locality— -Mohgaon Kalan area. 

Age— Eocene. 

Type specimen— M2 (Kept in the Botany Department, Lucknow 
University). 
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Explanation of Photographs 

Photos 1-5 

Photo 1. Specimen of palm wood before sectioning, yO 46 

Photo 2. Part of inwitne section showtrg the distribution of the fibrosascular bundles, X 12 
Photo 3 A single Cbro vascular bundle enlarged, X146 
Pncro 4 One enlarged leaf-trace bundle, x 162. 

Photo 5 Longitudinal section of part of wood showing multiscrute scalanforro pitting of tbs 
vessels. *302. 
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Introduction 

Investigations on the effect of sudden changes in pH of the medium on the 
metabolism of animals are almost non-existent except for two papers, by 
Tang (1936) on the yeast cells and by Ramamurthy (1964) in crabs. This 
may be due to the fact that organisms do not usually come across wide fluctu- 
ation in the pH of the medium. But this is of interest in the worms, where 
the soil pH in which the worms live may change due to the decaying matter 
and may also vary with the temperature changes in the seasons. 

Material and Methods 

Earthworms of the species Lampito mauvitii were collected from the 
fields round about Tirupati. They were kept in the laboratory, submerged 
under water with blotter pulp, in glass troughs covered with wire-mesh. 
Water- was changed daily once. After 2 or 3 days, by which time the muddy 
content in the gut of the worms was replaced by the blotter pulp, measure- 
ments were made by Winkler’s method (Saroja, 1959). 

To measure the respiration in relation to pH and temperature, 4 different 
pH media 4, 6, 8, 9 • 5 and four temperatures 20°, 25°, 30° and 35° C. were used. 
pH 3-5 and 10 were lethal to the worms. Measurements were made at one 
temperature per day at pH 4, 6, 8 and 9 -5 in an ascending order, starting first 
at 20° C. To get the required pH, dilute HC1 (0-2 N) or NaOH (0-2N), 
as the case may be, was added to the tap-water and the pH was accurately 
measured by using the Beckman pH-meter. The pH of the water was 
measured daily which ranged from 6-85 to 6'9 all through the time of the 
experiments. The pH of the water in the respiration chamber was measured 
after the experiment to see whether it changed due to the CO. liberated by 
the worms during the experiments. There was a change to alkaline side 
JKhenjshambers of glass other than pyrex were used. Hence only pyrex 
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bottles of 125 ml capacity were u«ed for these experiments The pH of the 
body fluids of the worms kept at extreme pH (4 and 9*5) and temperature 
(35* C) was measured using the narrow range pH papers 

Results 

Oxygen consumption is measured in Lampito mauritil at various tempe- 
ratures m media of different pH and the results are given in Figs 1-16 
The regression lines of the Figs 1-16 are compared in Figs 17-24 

Influence of pH on the Oxygen consumption at \anous temperatures —Irres- 
pective of the pH of the medium the Oxygen consumption of the worms is 
relatively constant at 25® C and 30° C but for the little depressing effect m 
the larger individuals at pH 4 and 8 respectively (Figs 5-12 and 18-19) The 
overlapping regression lines in Figs 18 and 19 indicate that this insensitivity 
to the wide range of pH round about habitat temperature (28° C.) is the 
same throughout the size range It is of interest to know that at 25* C. the 
Oxygen consumption of the worms in the natural medium (tap-water, 
pH 6 85) is also similar to that observed at other pH 

It can be seen from Figs 17-20 that at temperatures around the normal 
(room) changes in metabolism due to pH are not observed, while extreme 
temperatures seem to elicit differential response to the varying pH of the 
medium m the Oxygen consumption At 20* C and 35® C not only the 
metabolic rate changes in response to changing pH, but the magnitude of this 
response appears to vary m small, as compared to the large individuals and 
this is reflected in the different slopes (6) of the regression lines (Table I) 
Table I 

Weight regression (b) values as a function of temperature and pH 
Tt* wbe* at 6 83 (tap-wain) fa an the tabka are taken from the poblabed data (Saroja. 1955) 


Temperature * C. 


PH 

20 

25 

30 

35 

4 0 

0 545 

0 515 

0 414 

0 339 

6 0 

0 412 

0 584 

0 41! 

0 316 

6 85 

0 745 

0 628 

0 623 

0 560 

8 0 

0 4S2 

0 565 

0 346 

0 394 

9 < 

0 618 

0 583 

0 44 

0 402 


OXYGEN CONSUMPTION ml /hr 
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Figs. 1-20. Figs. 1-16. Oxygen consumption of Lampito mauritii, underwater, asafanctior 
of pH and temperature. Figs. 17-20. Oxygen consumption-size : regrosion lin« of 
in media of different pH and temperatures. Dashed line pH 4; Unbroken line pH 6. 
dot pH 8; Broken line pH 9- 5. 
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Not considering the b m the natural medium, the higher 
at the extreme pH media (4 and 9 5) at 20° C and in 
at 35° C 


b values are obtained 
the alkaline medium 


Maximal and minimal consumption at 20° C is observed at pH 8 an 
respectively, though this is re\ersed in the extreme (larger) size range, > 
hating maximal and minimal consumption at pH 9 5 and 6 (Fig 1 ) 1S 
of interest to note that the reverse trend is seen at 35° C , where 
consumption is observed at pH 4 and minimal at pH 8 m the order of , . 
9 5 and 8 Thus consumption in the acid medium is higher than in the 
alkaline medium and this clTect of acidity and alkalinity is the same in a 


sizes 

Table I clearly demonstrates that b in the natural medium is greater than 
those on either side or this pH 6 85, at any temperature The metabolic 
rates of the smaller individuals weighing below 1 gm are higher at all P 
media and temperatures (resulting in low b values) except at 35° C where the 
metabolic rate is higher in all the size groups in the natural medium than m 
the alkaline medium which shows the inhibition of metabolism of the worms 
at this extreme high temperature as already mentioned 

The afore-mentioned results, when compared to the results of the natural 
medium, show that the smaller individuals consume more Oxygen (cxccp 
in the alkaline media at 35° C) when the pH of the medium is altered from 
the natural value Similarly, a change m pH to either side of the nature 
medium inhibits the metabolism of the larger individuals This effect o 
varying pH is negligible at 25° C and not very significant at 30° C which 
are near the habitat temperature (28° C) 


Influence of pH on the temperature response of Oxygen consumption 
1 igurcs 21-24 demonstrate that Oxygen consumption increases with increasing 
temperature with a few exceptions within the pH range studied The 
upward shift of the regression Itnes with increasing temperature is not parallel 
This differential cfTcct of temperature on size is clear from the different 
values at each pH as given m Tabic I In the lower size ranges the temper* 
turn response is greater between 25° and 30* C in all the pH media At pH 4 
and 9 5 the regression lines arc parallel below the room temperature (28* C) 
Metabolism of the larger individuals is more depressed at 30° and 35 C 
in all the pH media In general at 25® C (where consumption is independent 
of pH) the A values are higher as seen in Table I It is evident that the 
Oxygen consumption in different pH media at the temperatures nearing the 
hab Ut temperature is not surface dependent and especially above habitat 
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WEIGHT IN GRAMS 

Figs. 21-28. Figs. 21-24. Oxygen consumption of size regression lines of L. mauritii 
at different temperatures in media of different pH. Dashed line 20° C.; Dash and dots 25 C., 
Broken line 30’ C.; Unbroken line 35’ C. Figs. 25-28. R-T curves of L. mauritii as a function 
of size in different pH media. 

temperature b values are very low as can be expected from the depressed 
metabolism of the larger worms. 

It is worthy of note that at alkaline pH the regression line of 35° C. lies 
below that of 30° C. showing that the high pH has got depressing effect on 
metabolism at that high temperature. 

These trends can be clearly understood from temperature coefficients 
given in Table II and from the unit metabolism of different size groups at 
various pH plotted in Figs. 25-28 against temperature. 

R-T curves show that response to temperature is greater in smaller worms 
as shown by their steeper slopes. At the pH media below the natural pH 


B3 
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(6 85) R-T cunes of all sizes show an increase with temperature except at 
the temperature range 30°-35° C at pH 4 in the larger individuals (above 
2 gm ) The same trend is to be seen at pH 6 in the 4 gm individual where 
the depression occurs at 30° C itself At pH 8 this trend is reversed in rela- 
tion to size; < e , the metabolic depression is greater in the smaller worms 
between 30° and 35° C (Fig 27) Two gm and 4gm individuals show a 
decrease in their metabolic rate between 25° and 30° C Figure 28 indicates 
that the trends at pH 9 5 arc similar to pH 8 except that there is no heal 
depression m the smaller individuals (0 25 gm) 

It is evident from these R-T cunes that iterate of increase in Oxjgen 
consumption is lower in alkaline media when compared to acid media This 
is more clearly brought about if Q 10 is considered Table II shows that the 
response to temperature decreased with increasing pH except m the natural 
pH media In alkaline pH, the negative Q l( , \alues at high temperatures 
indicate that the metabolism is inhibited by the combined effect of high tem- 
peratures and high pH This decrease in Q I0 on cither side of the natural 
pH demonstrates that change m pH of the medium affects the temperature 
sensitivity of the worms to a considerable extent and this is manifested to a 
greater degree at high pH 

No trend is to be seen in Qi„ with temperature Q J0 decreased with 
weight except in pH 6 where it increased with weight between 20° and 25° G 
and m pH 8 where it decreased with weight only between 25° and 30° C. No 
change was observed in the pH of the body fluids of the worms kept for an 
hour at the extreme pH (4 and 9 5) and temperature (35° C.). 

Table II 

Qia °f Oxygen consumption as a function of size and temperature 


In media of different pH 
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Discussion 

Though a few papers are available on the study of the influence of pH 
upon the rate of Oxygen consumption, no direct data are available regarding 
the relation of temperature to the amount of Oxygen consumed at media of 
different pH. 

Ramamurthy (1964) showed that in the crab Paratelphusa. respiration 
varied directly with pH in the smaller individuals and in alkaline medium 
the increase was parallel throughout the size range studied. But his studies 
are restricted to one temperature. Tang (1936) has shown that the respira- 
tion of yeast cells at different Hydrogen-ion concentrations was influenced by 
the nature of the buffer systems used, because buffer solutions affect the res- 
piration in two ways, the pH of the solutions and their ionic composition. 
Using phosphate buffer he measured temperature coefficients of respiration 
at 23-31° C. inf the media of pH 5-9 and 6-9. He showed a very slight 
increase in Q I0 at pH 6-9. 

Several species of fishes have the ability to extract Oxygen from water 
at low Oxygen tensions equally well over a fairly wide range of Hydrogen- 
ion concentration (Power, 1931; Pruthi, 1926 and Wiebe et a!., 1934). 

Hiestand (1931) had shown that low pH increased Oxygen consumption 
in dragon-fly larvae. 

The data of the present investigation show that in natural temperature 
the worms are able to regulate their rate of consumption over the wide range 
of pH studied. It has been observed that pH 3-5 and 10 are lethal to the 
worms as they died within half an hour in those media at the habitat tem- 
perature itself. It is an established fact that organisms could tolerate wide 
ranges of pH, this being ascribed to the fact that hydrogen and hydroxyl 
ions penetrate very slowly. Moreover, this slow penetration facilitates 
neutralisation of these by the buftering system that is present in the organism. 

The lack of sensitivity to pH, and the constancy of the pH of the body 
fluids in different pH media that are observed in the earthworms, explain the 
presence of a perfect buffering system. Yet it is astonishing to note that the 
worm is able to regulate its respiration up to the lethal pH on either side in 
its habitat temperature. 

The effect of pH on the rate of Oxygen consumption by worms m the 
acid range is different from its effect in the alkaline range below and above 
the room temperature at which the worms were kept (27' C.). As it is 
already shown, the effect of pH on the worms at normal temperature is 
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negligible The effect at different temperatures must be only due to tie 
influence of pH on temperature response of the worms, and this is most 
pronounced at the highest (35°C ) and the lowest (20°C ) temperatures studied 

Tht'e data indicate a cumulative effect of temperature, Oxygen tension 
and pH of the medium on the metabolic rate of the worms At low 
temperature where the tension is at its h gh^t, low pH seems to inhibit rate 
of respiration But at pH 4 the response to temperature is similar to that of 
normal pH (6 85) At 35° C where the Oxygen tension is low, the high 
pH inhibits the respiration affecting the activity of the animal so much that 
it consumes less at 35° C than at 20° C- 

Thc low Qi„ at different pH when compared to the natural pH (6 85) 
shows that somehow the change in pH is affecting the magnitude of the res- 
ponse to temperature Th s decreased sensitivity to temperature is greater 
at the higher h>drogcn ion concentration especially at the h gh temperature 
range Th* low b values also ‘how that size has got more influence on 
Oxygen consumption as pH of the meJium changes on cither side of the nor- 
mal pH and the b decreases as temperature increases m the natural and 
extreme pH ranges studied This also ‘hows that smaller and bigger worms 
arc affected m opposite directions by change in pH (except at 35° C in the 
alkaline media), increasing the rate of respiration in the smaller worms and 
decreasing in the larger worms at all the temperatures studied except at 
25° C. This differential but opposite effects of pH on small versus large 
individuals is difficult to interpret 

But this metabolic regulation over the extraordinary wide range of pH 
at and around the habitat temperature till it reaches the lethal pH on either 
side must be of survival value to the earthworms as they have to live and 
th'ivc oa the decaying matter \\h ch changes the pH of the soil in which they 
exist. 

Summary 

Comhired effect of the pH and temperature showed that the respiration 
of L. mauriiU is independent of pH or external medium round about habitat 
temperature 

-> 
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Introduction 

Thai the changes in the weather conditions affect spore content of the 
atmosphere both quahtamcly and quantitatncly has been recognise 0 
ago As early as 1872, in the course of his microscopic examinations o 
air m Calcutta, Cunningham (1873) observed how rainfall brings about sh 
period changes in the atmospheric spore content Although Miquel ( 
attempted to study some of these short period changes, he could not P ro \‘ ® 
an> precise information for want of a suitable air sampling equipment 
introduction of the automatic volumetric spore trap, designed b> Hirst 
for continuous air sampling with which the time of deposition of any particu 
spore on the trace can be determined accurately, has made it possi e 
undertake such studies Hirst (1953) using this trap, for the first time, 
described the alterations m the major constituents of the air-spora of an 
arable field at the Rothamsted Experimental Station Harpcnden U K-* 
associated with rain thundershower, dew formation, etc Short period 
chances obsersed in some of the common constituents of the air-spora a 
\ tsakhapatnam in India which arc associated with some factors like ratrfa h 
Hooding of the area with \ery heavy rains harvesting operations, etc are 
described m this paper 


Methods 

By operating the Hirst trap with its orifice at 1 75 metres abo« lt e 
ground level changes m the different constituents of the air-spora of a pad~y 
ftld near Visakhapatnam were studied continuously oser a period of mor* 
than two years The methods followed in conducting a it sampling "i l b ^ 
Hirst trap, procedures adopted in mounting and scanning of the slides expos 

m 
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in the trap were in general the same as those described by Hirst (1953) and 
Sreeramulu and Seshavataram (1962). The slides were scanned at 2-hourly 
intervals. Separate counts were taken for the different categories (whose 
identification was based on visual features alone) listed below : Spores identified 
up to the species level: Piricularia oryzae, Trichoconis padwickii, Helminlho- 
sporium oryzae, Deightoniella torulosa and Corynespora cassiicola. Spores 
identified up to the generic level: Cladosporium, Fusarium, Nigrospora, 
Periconia, Curvularia, Alternaria, Helminthosporium type (except H. oryzae), 
Cercospora (counted under two categories — ‘ short ’ type in which spores 
below 80 p in length were included and ‘ long ’ type for those above 80 fi), 
Tetraploa and Phaeotrichoconis. Heterogeneous groups: Basidiospores, 
Aspergilli, Ascospores, Bunts, Uredospores of rusts, fragments of hyphae 
and pollen grains. All those not included in any of the above-named groups 
were counted under one category — the ‘ Unclassified ’ for estimating the total 
air-spora. From the counts, assuming the efficiency of the trap as 60%, the 
number per cubic metre of air was estimated. 

To illustrate some of the representative short-period changes from the 
results of this two-year survey, six periods have been selected which 
are presented in this paper. In Figs. 1-6 the changes in the estimated 
concentrations of the different spore types selected in each period are plotted 
at 2-hourly intervals along with the changes in the weather conditions in that 
period recorded with self-recording meteorological instruments located in 
the Visakhapatnam aerodrome. 

All times are given in Indian Standard Time (I.S.T.). 

Results 

Changes in the spore concentrations associated with rainfall in the period 
from 12 to 18 October 1960 in the main crop season.— This period was selected 
from the rainy season when the rice crop in the field was passing through 
the ‘ maximum tillering phase ’. In this period many of the leaf-infecting 
fungi w'ere showing their seasonal maxima. How rainfall occurring at differ- 
ent times in the day influences the short-period changes in the catches cf 
eleven air-borne spore types common in this period can be seen in Fig. 1. 

Dry conditions existed in the daytime on 12 and 13 October although 
there was rainfall (of 2 *2 and 0*3 mm. respectively) in the evenings. Diurnal 
periodicity patterns of the different spore types were not affected by these 
rains which occurred in the evening hours. 
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Tlie 14 October was a cloudy day and there was rainfall of 8*1 mm. 
between 09-00 and 13 -00 hr. The relative humidities (R.H.) were above 
90% level almost thoughout the day. The diurnal periodicities of all the 
day-spora* types were affected by this rain and they appeared in very 
low concentrations on this day. The ‘ night-spora* ’ types (not shown in 
Fig. 1) dominated the air-spora on this day. 

The weather was dry on 15 and 16 October and the diurnal fluctuations 
in temperature and R.H. were normal for this season. All the spore types 
regained their normal periodicities and they appeared in concentrations usual 
in this part of the year. 


There was an amount of 18-7 mm. of rainfall between 23-00 and 02-00 
hr. in the night of 16-17 October, the time at which the night-spora types 
generally exhibit their daily maxima. Although this rainfall in the night did not 
affect the periodicities of theday-spora types (shown in Fig. l)on 16 and 17 
October it affected the concentrations of the air-borne ascospores and basidio- 
spores (not shown in Fig. 1) considerably. Ascospores which were appearing in 
concentrations of 430/m. 3 at 22-00 hr. before the rain increased to 2,410/m. 3 
with the starting of the rain. Basidiospores showed relatively high concen- 
trations (9,200/m. 3 ) at 22-00 hr. but their numbers were reduced to 3,700/m. 3 
by this rain. Soon after this rain again there was an increase in their numbers 
(8,2G0/m. 3 and 14,700/m. 3 at 02-00 and 04 -00 hr. respectively). 

All the spore types exhibited their regular diurnal periodicities in an- 
on 18 October which was a normal dry day. 


From the, changes observed on 14 October with rain in the forenoon 
and those of 16-17 October with rain at midnight (the peak hours of the 
day-spora and the night-spora types respectively) it can be said that the time 
of rainfall has a pronounced effect on the numbers of any particular spore 
type in the air. 

Changes in the spore concentrations associated with rainfall in the period 
from 5 to 15 February 1961 in the second crop season. — This period was selected 
•to show the influence of rainfall on the concentrations and the diurnal periodi- 
cities of ten air-borne spore types common in the second crop season. 

All the ten spore types illustrated in Fig. 2 exhibited their normal diurnal 
periodicities on 5 and 6 February. 


* tvnes whose daily peak concentrations recur in the daytime showing the forenoon 

bpore types whose aany p classification and those with the daily 

and the afternoon patterns in Gregorys (iy&t, PP- “ > , ,, ra . 

peaks recurring in the night showing the nocturnal pattern are referred to as the day-spora 

and the ' night-spora ’ types respectively. 
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for spore types like Curvularia, Uredospores, etc., were encountered in the 
afternoon when the conditions became dry. But Cladosporium and Alternaria 
occurred in very low numbers throughout this day. 

On 8 February all the day-spora types once again showed their regular 
periodicities in air. A rainfall of 2-4 mm. was recorded in the night between 
21 -00 and 22 -00 hr. During this rainfall high concentrations of ascospores 
(6,000/m. 3 ) appeared and after the rain increase in the catches of basidiospores 
(10,920/m. 3 ) and spores of Fusarium (2,060/m. 3 ) occurred. 

Due to the rain in the previous night, in the morning of 9 February humid 
conditions prevailed up to 08 -00 hr. A sudden decrease in R.H. from 99% 
to 50% occurred between 08*00 and 09 -00 hr. during which period an increase 
in the wind speed (to 18 km./hr.) was also observed. These rapid changes 
occurring at the peak hours of spore types with the forenoon pattern account 
for their high catches at 10 *00 hr. on this day. Although there was a rainfall 
of 2*1 mm. between 18-00 and 21 *00 hr. the R.H. values were below 73% 
throughout the night which were probably due to the prevailing high wind 
speeds (7-10 km./hr.). Low concentrations of the night-spora types occurred 
in the night. 

High winds were encountered throughout the day on 10 February (daily 
mean wind speed': 10-8 km./hr.) and the R.H. values were very low. On 
this day very high concentrations of many of the day-spora types were 
observed. 

The conditions were dry on 11 February and the wind speeds were in 
the range of 2-17 km./hr. All spore types appeared in high numbers on this 
day. 

The 12 February was a cloudy day with a rainfall of 33*9 mm. (between 
03-00 and 08-00 hr. and with traces of rain at 14-00 and 22-00 hr.). The 
R.H. values were above 83% and the temperatures were low. All the spore 
types with forenoon pattern of diurnal periodicity were almost absent in the 
air on this day. An increase in the numbers of ascospores and basidiospores 
was observed with the morning rain. 

A rainfall of 6 -4 mm. was recorded at 01-00 hr. on 13 February'. Very 
low concentrations of all the spore types occurred on this day. The low 
catches on 13 and 14 February' indicate the influence of a continuous rainfall 
in this prolonged wet period (7-13 February). But within two days (by 
15 February) most of them recovered their normal periodicities.- 
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The changes observed on 7 and 12 (both days with ram in the morning) 
indicate that though rainfall in the morning affect the catches of the daj-spora 
types, some of them appear in high numbers in the afternoon if dry conditions 
prevail immediately after the rain The effect of high wind speeds and rapid 
fluctuations in R.H on the catches is evident in the changes recorded on 9 and 
10 February That in prolonged wet periods the sources of the air*spora 
get exhausted leading to extremely low catches is also evident from the data 
of 13 and 14 February 
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Changes in the spore concentrations associated with the first rains of the 
South-West Monsoon in the period from 14 to 20 June I960.— In the months 
of May and June when the fields are barren and when the conditions are 
dry seasonal minima for many of the common components of the air-spora 
are found. But a sudden increase in the numbers of the total air-spora was 
noticed both in 1960 and 1961 with the first rains of the monsoon. The 
period from 14 to 20 June I960 was selected to show how the changes observed 
in some of the important components of the air-spora in these months were 
brought about by the first rains of the monsoon. 

The monsoon in 1960 started with a heavy rain (73 -4 mm.) on 16 June. 
The daily mean concentrations of the total air-spora observed on 14, 15 and 
16 June were 2,150/m. 3 , 2,330/m. 3 and 2,I00/m. 3 respectively. After the 
heavy rain on 16 June, there was a sudden increase to 20,6C0/m. 3 on 17 June. 
The daily means recorded on the subsequent four days were : 14,940, 10,700, 
9,360 and 9,390/m. 3 of air. From the catches it was found that this sharp 
increase in the total air-spora was due to the increase in the concentrations 
of the spores of Cladosporium, Aspergilli and a few other saprobic fungi, 
brought into the air by the first rains of the monsoon. 

t 

From the 2- hourly catches of the eight spore types shown in Fig. 3, it 
is clear that Cladosporium and Alternaria showed a quick response than the 
rest, as high concentrations of these two spore types were recorded on 17 June 
itself, while spores of Aspergilli, Nigrospora and Ctttvularia showed higher 
numbers on 18 June. On 20 June, excepting the Aspergilli, the numbers 
of most of the spore types returned to the pre-rain level. 

Changes in the spore concentrations associated with heavy rains and 
consequent flooding of the area in the period from 12 to 25 October 1961. 

An amount of about 1,110 mm. of rainfall was recorded in 1961 of which 
about 410 mm. occurred in the month of October. On 18 October alone 
there was a rain of 165 - 4 mm. This heavy rain flooded much of the area 
in and around Visakhapatnam town. The fields in the vicinity of the spore 
trap were submerged up to a height of O' 5 metres above ground for about s 
four hours (12-00 to 16-00 hr.) on 18 October. Although this flood receded 
in the night damp conditions continued to exist in these fields for another 
two days. The changes in the concentrations of nine common components 
of the air-spora observed in the period from 12 to 25 October 1961 were 
shown in Fig. 4, to show how these heavy rains and flooding of the area 
influenced their catches. 

In this period on 12, 13 and 14 October normal changes in the weather 
conditions occurred. The concentrations recorded for many of the spore 
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types were normal and all of them exhibited their typical diurnal rhythm s 
on these days. 

In the period from 15 to 20 October, there was an amount of 203-3 mm. 
■of rainfall. On 15 October there was a total amount of 16 -4 mm. of rain 
of which 7-8 mm., 4-0 mm., and 4-6 mm. were recorded between 01 -00-07-00 
hr., 12 -00-16 -00 hr. and 23 -00-24 -00 hr. respectively. Due to these showers 
the day-spora types did not appear in their usual numbers while the night-spora 
types occurred with higher numbers. On 16 October there was an amount 
of 4-2 mm. of rain in the early hours of the morning and late in the night. 
Low concentrations of all the spore types were observed on this day among 
which only a few types like Nigrospora showed their normal diurnal rhythms. 
October 17 was a humid and cloudy day with 6-5 mm. of rain and further 
decrease in the day-spora types was observed although the night-spora types 
were caught in relatively high numbers. An amount of 165-4 mm. of rain 
fell on 18 October due to which the area was flooded with (0-5m. deep) 
water for about four hours (the period of flooding was shown by dotted squares 
in Fig. 4). On this day all the day-spora types disappeared completely from 
the air and basidiospores, ascospores and Ftisarium type occurred in appreciable 
numbers. October 19 and 20 were days with 6-3 and 3-9 mm. of rainfall. 
Though certain spore types (like Nigrospora, Trichoconis padwickii ) showed 
a tendency towards the recovery of their normal diurnal periodicity patterns, 
their numbers were very low probably because of these rains. 

All the spore types reappeared with their normal diurnal periodicities 
on 21 October which was a dry day. Though an amount of 11-1 mm. of 
rain was recorded between 06-00 and 08-00 hr. on 22 October, all the spore 
types showed their regular diurnal periodicity patterns on this day probably 
because of the return of dry conditions soon after the rain. The 23, 24 and 
25 October were normal dry days and all the spore types exhibited their 
normal diurnal rhythms . 

The daily mean concentrations of the total air-spora, the contribution 
of some of the spore types known to appear under wet conditions ( wet-spora ) 
are given in Table I along with information on the timings and amounts of 
the rainfall in this period. From the data presented in Table I it is clear 
that the heavy rains and consequent flooding exerted a great influence on 
the air-spora of this locality. It is interesting to find that flooding reduced 
the numbers of even the wet-spora groups to a great extent. 

After this damp spell a gradual recovery occurred in the concentrations 
of the different spore types to the numbers which were existing before t e 
onset of these rains. 



Tabu 1 I 

Only main concentrations of the lota! air-spora and the contributions of the ' IVet-Spora * * groups tit 
the period from 12-25 October 1961 along with information on the tunings a'ul amounts of rainfall 
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Changes in the spore concentrations associated with heavy dew formation 
in the period from 9 to 21 November 1961.— During regular visits to the field 
it was found that in the period from 7 to 14 November large number of pollen 
grains were shed and deposited on the leaves of rice plants and other vege- 
tation and on the ground in the vicinity of the trapping site. On all the days 
between 15 and 20 November, early in the morning, dew formations were 
observed. The intensity and duration of dew formation in the field on the 
different days were recorded by taking visual observations. In this period 
it was also noticed that on the pollen deposits and other decaying matter 
available in the fields many saprobic fungi grew and sporulated profusely 
under these humid conditions. Microscopic examinations of these substrata 
showed that Cladosporium was the most common fungus growing on them. 
Fungal colonies of Fusarium, Nigrospora, Cnrvularia, Trichoconis padwickii, 
Alternaria and others were also found growing on these substrata. 

Data presented in Fig. 5 show how these conditions altered the concen- 
trations of some components of the air-spora in the period 9-21 November 
1961. Along with the changes in the weather conditions and the concentra- 
tions of nine spore forms, the intensity and duration of the dew formation 
on different days was also shown in Fig. 5 in the form of hatched histograms. 
The height and the width of these histograms represent the intensity and the 
duration of dew formation respectively. 

In the period from 9-13 November the daily mean concentrations of 
the total air-spora were in the range of 9,000-15,000/m. 3 During this period 
high pollen incidence was observed. The weather conditions in these days 
were dry and there was no dew formation except in the morning of 
9 November. 

In the period from 15-20 November heavy dew formations were observed 
in the mornings on all the six days. A gradual increase in the daily mean 
concentrations of the total air-spora was observed from 17,000/m. 3 recorded 
on 14 November to 35,400/m. 3 on 21 November. An analysis of the com- 
position of the catches in this period revealed that this increase in the num- 
bers of the total air-spora was mainly due to the increase in the catches of 
spores of Cladosporium, Fusarium, Nigrospora, Curvularia, Tiichoconis pad- 
wickii, Alternaria and a few other fungi found growing on the pollen deposits 
near the trapping site. 

According to the previous reports (Sreeramulu and Seshavataram, 1962; 
Sreeramulu and Ramalingam, 1963) on the air-spora of paddy fields an ie 
observations taken in the present survey in 1960, there should be low inci- 
dence of the total air-spora in the month of November. The inci en 
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very high numbers of the total air-spora in November 1961 was probably 
due to the high pollen incidence and the heavy dew formation in this period 
which led to the colonization and abundant sporulation of many saprobic 
fungi on the substrata available near the trapping site. 

Changes in the spore concentrations associated with the harvesting opera- 
tions in the period from 2 to 15 December I960.— Harvesting of the rice crop 
in the fields was commenced on 1 December in 1960 in a few plots situated 
away from the site where the spore trap was located. But these operations 
were abandoned from 2-5 December as there was rain on 2, 3 and 4 Decem- 
ber. Harvesting was carried out on 6 and 7 December in about 2 acres and 
the crop which was cut on these days was laid fiat in the plots. A rainfall 
of 56 mm. was recorded between 21-00 and 23 -00 hr. on 7 December which 
wetted the standing crop and partly submerged the harvested crop lying fiat 
in the plots for a few hours. Due to this heavy rain harvesting was not done 
from 8-11 December. On 12 December harvesting in all the remaining plots 
was completed. The crop in an area of about 2 acres around the trap was 
cut on this day between 15-00 and 18 -00 hr. The collection and removal 
of the crop previously harvested (which was lying in (he field from 7 Decem- 
ber) to the threashing floor was also done on this day. These agricultural 
operations brought about certain interesting changes in the different compo- 
nents of the air-spora. The changes in the 2-hourly concentrations of eight 
fungus spore types in which the variations observed were most conspicuous 
were shown in Fig. 6 along with the relevant weather data. 

Low concentrations of all the spore types were encountered on 2. 3 and 
4 December, the days on which there was rainfall and no harvesting opera- 
tions were in progress. A considerable increase in the numbers of many 
spore types was observed on 6 and 7, the days on which the harvesting was 
in progress. In the night of 7 December there was a heavy rainfall, and 
reduction in the catches of the different components of the air-spora was 
observed on 8 December. But on 9, 10 and 11 December relatively high 
numbers of spores of many saprobic fungi were observed in the air which 
was probably due to the heavy infection of the harvested crop by saprobic 
fungi (like Cladosporium, Nigrospora, Cnrvidaria, Alternaria, the colonies of 
which were observed growing in large numbers on the harvested crop) lying 
flat in the field in these three days. The wet condition of the substrata 
and the high humidity near the ground level favoured abundant sporulation 
of these saprobic fungi. 

Enormous increase in the numbers of Cladosporium and other saprobic 
fungi and the hyphal fragments were encountered between 15-00 an 
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17-00 hr. on 12 December, the time at which the harvesting of the crop in 
the plots around the trap was in progress. The concentrations of some of 
the spore types recorded at 16 -00 hr. on this day were very high ( Clado • 
sporiwn : 240,970/m. 3 ; Aspergilli: 9,720/m. 3 ; Nigrospora : 3,550/m. 3 ; 
hyphal fragments: 1,120/m. 3 ; Curvnlaria : 1,240/m. 3 ; Helminthosporium 
oryzae: 150/m. 3 ; Tetraploa : 35/m. 3 and Neovossia: 35/m. 3 ). Basidio- 
spores, Uredospores (and others whose source was not the rice crop) were 
not at all affected by the disturbances caused by these harvesting operations 
conducted in the fields. 

Relatively high numbers of spores of some of the saprobic fungi were 
also observed on 15 December at times when collection of the rice crop 
(harvested on 12 December which was left flat for drying on the ground) 
was in progress in the plots around the trap. 


Discussion 


The changes in some of the common components of the air-spora at 
Visakhapatnam in the six periods reported above indicate some of the general 
effects of the weather and other conditions on the diurnal periodicity 
patterns of the different spore types and show how the short-period changes 
encountered in the total atmospheric spore content depended on the varia- 
tions in the relative contributions of some of the spore types. 


Of the different meteorological factors rainfall is found to have a pro- . 
nounced effect. The influence of rain on the catches can be classified under 
two heads: immediate and delayed. To illustrate some of the immediate 
effects of the rainfall on the catches of certain spore types, the concentrations 
of fourteen spore types observed before, during and after the occurrence o 
a rainfall of 21 -8 mm. between 10-00 and 14-00 hr. on 28 October 1961 are 
presented in Table II. The data presented in Figs. 1 and 2 and Table 1 
indicate clearly that rain at the peak hour of any particular spore t}pe as 
a major influence on its numbers in air. Ascospores and Fusarium type s ow 
an immediate increase with the starting of rain. Basidiospores show an 
immediate decrease with rain and reappear in air soon after *he ° 

the rainfall. Spore types like Clado sporium vhich are washed of y 
first showers of the rain take some time to recover their concentrations op - 
rain levels. Enormous increase in the catches of the spore ypes ® 
the forenoon pattern of diurnal periodicity encountere m e 
of some days preceded by nights with rainfall (or when er j n 

on the previous day) might be due to the existence o . • • 0 n 

the preceding night which favour abundant sporulation o 
B5 
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Table II 

Concentrations of fourteen spore types ( number per cubic metre of a r) 
before, during and after rain observed on 28 October 1961 


Tune (1ST) 

Ram (mm) 

Before 

ram 

10 00 

During rain 

11 00 12 00-13 00 
0 4 21 4 

After 

rain 

14 00 

Spore type 





Fusanum 

260 

260 

6S0 

260 

Ascospores 

260 

1,810 

35 170 

11,950 

Basidiospores 

430 

0 

90 

2,490 

Nigrospora 

7,580 

310 

170 

0 

Cladosportum 

. 12,560 

1,120 

1,720 

0 

Phaco’richoconb 

20 

0 

0 

0 

Ccrcospora (long) type 

50 

0 

0 

0 

Tnchoconis padn ickll 

580 

70 

20 

0 

Pollens 

30 

0 

0 

0 

AUemarla 

200 

0 

0 

0 

Currv'arta 

320 

50 

0 

0 

renconla 

170 

0 

0 

0 

Ccrcospora (short) type 

90 

0 

0 

0 

Aspergilh 

260 

1,120 

170 

0 


certain da>s following rain in the night or carl> m the morning high co°* 
ctntratiors of certain spore types like Curvulana exhibiting the 
pattern of diurnal penodicit> were also encountered These are sorte of or 
delasei efTccts or the ram Meredith (1962) also opened simi'ar *r eett 
n the components of th* air spora of banana plantations in J3ma ca« 

The fust rams of the monsoon followirg a long dry spell (Fic. 3), 
ramrall and consequent flood ng of the trap p rg <itc (Fig- 4 and Tab c » 
a so brought about certain irteresnng changes in the air-spora 
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In addition to rainfall excessive dew formations encountered in the 
month of November 1961 have led to enormous increase in the catches of 
certain types (Fig. 5), uncommon in this month in the other years. 

Harvesting operations in the plots around the trap and collection of the 
harvested crop left in the fields after drying resulted in an abnormal increase 
in the concentrations of the air-borne spores of Cladosporinm, Nigrospora, 
Aspergilli, etc. (Fig. 6). Sreeramulu (1958) reported similar increase in the 
catches of Cladosporium and a few other spore types resulting from the 
mowing of the grass around a barley field. 

SUMMARY 

Some short-period changes in the atmospheric spore content which are 
associated with changes in the wea her and other conditions are described. 
The influence of various factors on the diurnal periodicities in the air-borne 
spores of many common constituents of ihe air-spora at Visakhapatnam and 
variations in their relative contributions to the total air-spora are illustrated 
from the 2-hourly changes in six periods selected from a 2-year continuous 
aerobiological survey conducted at Visakhapatnam using a Hirst trap for 
air-sampling. 
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Numerous workers have reported increased incidence of the blast disease 
of rice, caused by Piricularia oryzae Cav., with increased nitrogenous manur- 
ing (Sundararaman, 1929; Thomas, 1920, 1938; Suzuki, 1935; Sawada, 
1937; Malaguti etal., 1951; Adyanlhaya and Rangaswami, 1952; Rrishna- 
swami, 1952; Padmanabhan, 1953). Otani (1952) found that top-dressing 


of plants with nitrogenous manure resulted in an increase in the a-amino 
and amide nitrogen followed by severe infection. Ozaki and Moriyama 
(1952 a, b) stated that glutamine was present in every organ with or without 
nitrogen, whereas asparagine was absent in plants from the ‘no nitrogen 
plot’ during the earlier period of their growth but appeared later in their 
panicle. Tanaka and Katsuki (1952) reported a low aspartic acid content 
in rice plants at the time of maximum susceptibility to blast. The total 
nitrogen content of the leaves and the C/N ratio have been correlated wit 
susceptibility to disease by Yoshii (1941) and Hashiycka (1944). W e 
there is overwhelming evidence that nitrogenous manuring aggravates t e 
blast ' disease, no attempts seem to have been made to study the nitrogen 
status of resistant and susceptible types of rice as influenced by such manuring 
at various age levels. It is well known that rice plants are particularly suscep- 
tible to the disease in the seedling, tillering and eaihead stages o 
(Hashiyoka, 1943 ~b; Andersen etal., 1947; Otani, 1953; Fa nian 
ail'd Ganguly, 1953). It has also been reported that the fesis an JP 
Tice Were not affected by heavy nitrogenous manuring . ’ 

-Yoshii, 1941; Krishnaswami, 1952; Padmanabhan, 19 )• 
menon of stability of resistance under heavy nitrogenous 111 , 

at best, be understood only by following up the nitrogen p 
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resistant and susceptible tjpcs of nee plants A study of the nitrogen 
metabolism of the resistant and susceptible nee plants was therefore uncer 
tahen, chiefly to assess the nitrogen accumulation in leases, at sanoo 
periods of growth including the critical periods of susceptibility as alftcteo 
by nitrogenous manuring The total carbohydrates in the nee plant ana 
their consequent effect on the C/N ratio were also investigated. 

Materials and Methods 


Varieties Used 

Two varieties of nee, Co 4 and ADT 10, which have teen 
extensively by the State Agncultural Department for their resistance an 
susceptibility rcspectisely to blast were chosen for the study 

Method of Raising Plants 

One part of ncc field soil was mixed with an equal part of tank sih, 
and this mixture was used for raising the seedlings in pots. One senes iw 
manured with ammonium sulphate at the rate of 1 0g per pot (with B 
soil) while the other rcce\ed no manure Enough water to wet the 
was added daily When the seedlings were 35 days old they were 
planted in glazed pots (I0 r x 8' size) containing 5 0 hg of ncc fie 
to which had been added 20 g green leases (Pongamla glabra ) and B 
of superphosphate (19%P s O s ) and which had remained under sutmergeo 
conditions for 25 days A day prior to transplantation the soil was 
roughly mixed and ammonium sulphate was added at the rate of 1 25 £ 
pot Approximately 100 lb /acre) to one scries while the other receive ^ 
nitrogen Four seedlings were transplanted in each pot Swampy 
ditions were maintained throughout the growth of the plant. 

CoUtctlrg Leaf Sarrp'es for Chemical Analysis 

Mature leaf samples were collected in the forenoon from quadruplicate 
pots to minimize sampling errors The leaves were immediately cut in 
bits and dned m an oven at 75* c. for 48 hr , ground to a fire powder an 
stored in a^tight vials for analysts Tic diffc ect stages at wh-ch the ^ 
samp’cs were collected arc designated as follows accordirg to the £ £ c 
the p’ant — Seedling, tillering post tillering, shot blade and eaihcad staf 0 
Analytical Methods 

Extraction of carbohydrates from plart material — 100 mg samp’cs cf 
the powdered plant matcnal were hjdrolysed with 2 5% HC1 f dr 2jhr 
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-100 o C. over a -water-bath,- cooled, filtered- and the filtrate used for the 
estimation of carbohydrates. 

Estimation of carbohydrates . — The method adopted by Doak (1939) 
.as given by Mcllroy (1948) was used for clarification of the sugar solution 
obtained by the above extraction. To 2 ml. of the extracted sugar solution, 
which was neutralized with KOH, were added 2 ml. of cadmium sulphate 
solution (26-2 g. 3 CdS0 4 .8H 2 0 and 132 ml. N, H 2 S0 4 made to a litre) 
and 1 ml. of 0-55NNaOH. The mixture was heated on a water-bath for 
three minutes, cooled, filtered and washed. The reducing sugars in the 
clear filtrate were estimated by the method of Hagedom and Jensen (1923). 

Total nitrogen . — Total nitrogen was determined by the micro-Kjeldahl 
method. Reduction of nitrate W'as effected by salicylic— sulphuric acid 
method (A.O.A.C., 1945) using metallic mercury as catalyst. The digested 
material was distilled in Pama’s apparatus and the nitrogen estimated in 
the usual way. . 

!*■ Nitrate, nitrogen . — This fraction w r as calculated by the difference ^bet- 
ween ‘total’ and ‘total moiur nitrate’ nitrogen. The ‘total minus nitrate 
nitrogen was determined just as described above but without, reduction of 
.nitrate. 

: Protein nitrogen.— Proteins were precipitated with 5% trichloroacetic 

acid, ground, ’ filtered and made vp to volume with trichloroacetic aci 
and the nitrogen in aliquots of the filtrate was determined as non pro ein 
(excluding nitrate) nitrogen. Protein nitrogen was calculated as t e 
ference between ‘total minus nitrate’ nitrogen and non-protein ni ogen. 

This fraction of nitrogen, when protein and nitrate nitrogen wer 
deducted from total nitrogen is given as residual nitrogen w ic m 
•'ammoniacal, amino and amide nitrogen.' 


Experimental 

-!• Nitrogen Metabolism : ; - 

. (a) Total nitrogen (Text-Fig. 1).— The total -nitrogen { es 0 f 

. susceptible type was greater than that of the resistan yp . ]d trend - m 
growth in both the manured and uhmanured senes. P general, 

nitrogen accumulation was seen in both the types. anu > 
increased the total nitrogen content in both the types a a Stages and- 
•the difference . being pronounced, at the tillering an ear 
negligible at the seedling stage. 
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,es slant and susceptible types. noth ^uuheu^m-.^ ^'^ng 
that or total nitrogen at all stages of gr but this influence 
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«s“ notable rn the susceptive type af,er 
the shot blade stage uhen the dilTerenee seas negligible 


found if* 


(c) Nitrate nitrogen (Text-Fig 3)— Nitrate n\ ege ^ jB aC rJP^* 

appreciable quantities only up to thetillenng stage q d ^ shoutd 

lation declined gradually In the seedling stage „ both tb> 

a higher co-tent of n.trate nitrogen than the resistant tjpe 
cunu'ed and crunnnuied icnes- 
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stage os- g&ovjth- . 

Text-Fio. 2 


(d) Residual nitrogen (Text-Fig. 4).-In general residual nitrogen in 
■‘both tynes was higher in the manured senes than in the unmanured exc pt 
during tillering; In the case of susceptible type the unmanned plants 
showed a high content of residual nitrogen in the ullenng stage It 
gradually as the age of the plant increased, with a s eep 
stage. ■ ' ■ • • ’ 


2. Total Carbohydrates 

The distribution of total carbohydrates at diprent stages of growth of 
the resistant and susceptible plants subjected o ma status 

presented in Text-Fig, 5. In the unmanured senes the 
was generally the same in both types of p an exce^ COI1(cnt , 

where the resistant types registered a mar e y ® 7 - . ... . . ... 
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than the resistant in 
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Discussion 

$o-.c interesting points emerge from the data presented in 
Lxaninat.on of Teat-Fig- 1 resents that a greater <[“"“> o» 

.commuted a the u-scepliblc tjpc than in the resistant throngho 
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life of the plant. This is in keeping with the observations of Hashiyoka 
(1944) and Otani (1953) who showed positive correlation between mtensi y 
of disease and accumulation of nitrogen in the rice pant uni ar , 
Wingard (1941) cited instances of high nitrogen accumulation associated 
with susceptibility to fungal diseases. 

Manuring increased the total nitrogen content of both 

resistant varieties except in seedling stage (Text-Fig. )• should 

manuring was best noticed at the tillering and earhead stages It 1st °ud 
be pointed out here that rice plants are most ^nerable s to l *** te 
stages of growth. 'The lack of response of seedlings to > m i g 
lization probably indicates the adequacy of the soil mtr g 
is sufficient to meet the demands of the plants at t is s ge. 

With advancing age, the total nitrogen decreased in both jthe^rcsista^ 

and susceptible types. It is likely that the mtro ^ Pearsall and 

are mobilized for flowering and ear formation (Sen, IW, 
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Billiraoria, 1937). A similar dtcl.no in .ho rittjgi >««**£*? flSto 
of the rice plant was observed by Togas, el cl. (1954). Th E ^ tt 
the nitrogen content -with advancing age however .v’^jHf su£ep- 
the earhead stage and this was particularly marled in ‘ pro tcc- 

tible tjpe CText-Fig 1). Probably under rutrogenwa m^"8 
lysis in leases is prevented sshereas in the unmanured plants h - 
available m the so.l being limited, protens synthesis sn dm e-rho ^ 
Vt the expense ot leaf nitrogen. Hence, nitrogenous 
an increase of leaf piotcin and total nitrogen m the snsccpnKc ype 
the cathead stage when rice plants are In own to be most susceptible to aces 
infection. . 


infection. - 3 

Except in the earlier stages or growth, when nitrate was F® 
appreciable quantities, there was no accumulation of unmetabolizcd t 
in the farm of ammonia and nitrate in the rice plant (Text-Fig 31 
the figures for ammoniacnl nitrogen are not furnished, it was fotzn 
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analysis that ammonia was present in negligible quantities. Sircar an 
Sen (1941) presume that ammonia, if at all. present in the rice p ant, is 
negligible. 


In general,' a decrease in the carbohydrate content was notice w* 
nitrogenous manuring in hoth the types (Text-Fig. 5). This is un ers m a t 
in the light of our knowledge on protein synthesis in plants ( f n ? » ’ 

McKee, 1949). The carbon skeletons for protein formation through ami - 
acids are derived from the organic acids (a-Keto acids in particu ar), 
carbohydrate dissimilation. As manuring resulted m increase 
synthesis (Text-Fig. 2), the total carbohydrates naturally deer ' j . 

reduction in carbohydrates probably makes the plant more s cc 

impairing cell-wall formation and thus reducing the mec am 
of the plant to penetration by the fungus. 

In the unmanured series the resistant variety is characterize ^ ^7 
•high C/N ratio. Indeed Hashiyoka (1943 a) observed an 
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THE GAMETOPHYTE OF ACROSTICHUM AUREUM L. 

By B. K. Nayar and (Miss) Farrukh Kazmi 

(Pteridology Laboratory, National Botanic Gardens, Lucknow) 

Received October 28, 1963 
(Communicated by Dr. V. Puri, f.a.sc.) 

Introduction 

Acrostichwn is a pantropic genus of salt-marsh plants, growing in large 
clusters in coastal areas all over the world. Taxonomically it was one of 
the most confused genera of ferns : it has long been the practice of pterido- 
logists to associate under it nearly all Ieptosporangiate ferns with sporangia 
distributed all over the undersurface of the leaves. Till recently this situa- 
tion continued, even though the heterogeneous nature of the over-large 
genus (for example, as conceived by Hooker and Baker, 1868) was long 
recognised. As now understood, it is a small genus of ca. 5 closely similar 
species (regarded by some pteridologisls as only varieties of the type species). 
The only Indian representative is the type species, A. aurettm L. (Fig. 33), 
a salt-marsh fern growing abundantly all over the coastal regions. Acro- 
stichum is regarded by most pteridologists (Christensen, 1938 ; Copeland, 1947 ; 
Holttum, 1947; Alston, 1956) as a pteroid fern: among contemporary 
pteridologists, Ching (1940) treats it as a separate family, Acrostichaceae, 
which, according to him, belongs to the aspidioid phylum. Based on their 
observations on the gametophyte of one species (A. speciosum), Stokey and 
Atkinson recently concluded that there is ‘‘nothing in the gametophyte 
structure or development which would indicate a close affinity with the 
Aspidioid ferns, but there are several characters which would ally it with 
the Pteroid ferns, and, more particularly with the Cheilanthoid group” 
(Stokey and Atkinson, 1952, p. 112). 

Though morphologically it is one of the better known genera among 
the Pteridaceae, our knowledge of the gametophyte of Acrostichwn is res- 
tricted mainly to the report on the prothallus of one species, A. speciosum 
Willd. (Stokey and Atkinson, 1952): a passing'Tcfercnce to some of the 
prothallial characters of A. attrewn is made by Schumann (1915) in her 
detailed morphological study of the sporophyte. Spores for the present 
study were collected from the West Coast of South India and from the 
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Andaman Islands, and were cultured on Knop's agar medium using tech- 
niques reported in earlier studies (Nayar, 19626) The cultures ncre main- 
tained throughout at a temperature range of 24 ± V C and a light in en l it J 
of 600 ft c (light supply from Phillips* fluorescent lamps, for 12 hr duration 
in esery 24 hr period) Spore morphological observations are based on 
acetolysed preparations mounted in glycerine jelly (Erdtman, 1952) P 
measurements arc averages of 20 readings in each plane 


Spore 

The spores of A aureum are trilete (tetrahedral), with a nearly tri- 
angular amb having smoothly rounded broad comers and faintly concave 
sides (Fig 1) The laesura is tenuimarginate and each arm is ca 21 /* ong 
The spores measure 53 x 60p(P x E) The cxine is ca 4 Op thick ana 
clearly demarhated into a sexmc and nexine the sexine is conspicuo y 
thicker than the nexine and is densely granulose Fresh spores con j 
dense, nearly colourless plastids and one or two pale-yellowish oil £ o 

Prothallus 

In about 4-6 days of sowing, the spores turn pale green and germinate 
by the cxine splitting open at the laesura and the first rhizoid emerging 
a hyaline protrusion Chloroplasts arc not found included in the r ,Z0 ‘ * 
but the prolhallial cell, which soon elongates as the germ filament, is ens y 
chlorophyllous The germ filament (Fig 2) becomes 6-8 cells long m a 
a week after spore germination The cells of the germ filament arc genera y 
short and broader than long The basal cell is slightly swollen and cn\e opeu 
by the spore coat which remains attached to it for long Generally the gc 
filaments arc more or less tapering towards the apex, the anterior cells being 
progressively narrow (Figs 2 3) Growth of the germ filament is mai > 
by repealed divisions m the intercalary cells, and, as reported in A spccioswn 
(Stokc> and Atkinson, 1952) there is little elongation of cells during the 
development of the germ filament and the intercalary cells often appear 
disk like Prominent, yellowish brown oil globules arc present in the 
basal cell, and m most cases these coalesce to form a large, lrrcgularl) shaped 
mass occupying nearly half the volume of the cell and persisting till a distinct 
prolhallial plalc is dcscloped As the germ filament becomes 6-8 cells 
long the anterior cells appear to become more or less quiescent The 
terminal cell soon stops growth and may become more or less conical 

Formation of a prolhallial plate is initiated by lonptudma! dm? ons 
m the intercalary cells, generally two or three cells behind the terminal cell 
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(Fig. 3). Most of the cells, except often two or three at either end of the 
germ filament, now divide transversely again and expand laterally, becoming 
dorsiventrally flattened (Fig. 4). Soon each intercalary cell divides by a 
median longitudinal wall and the prothallus is then nearly ribbon-like (Fig. 5). 
The terminal cell of the germ filament scarcely expands, but, due to the 
lateral expansion of the penultimate cell, appears nearly conical or even more 
or less beaked (Fig. 4). The penultimate cell often divides longitudinally 
soon and take part in the formation of an expanded prothallial plate (Figs. 
4, 5), but the terminal cell usually remains quiescent, though rarely it may 
divide unequally once (Fig. 9). In many cases, two or three of the cells in 
the terminal region remains uniseriate, forming a small beak on the expand- 
ing prothallial plate (Figs. 12-14). In no case an obconic meristematic 
cell is developed from the terminal cell as reported by Schumann (1915). 
In one case the terminal cell of a germ filament was observed, in which two 
oblique divisions cut off an obconical daughter cell (Fig. 8): however, this 
cell was not meristematic. The basal cell of the germ filament often develops 
a cluster of rhizoids similar to the first — nearly hyaline, non-chlorophyllous 
and with a slightly swollen base. Rhizoids are rarely developed by the 
other cells of the prothallus till the anterior region of the prothallus expands 
and becomes three or more cells broad. In the posterior half, all, except 
the basal cell, often divide longitudinally and take part in plate formation 
(Fig. 9). Branching of the germ filament is rare : but in some cases as the 
terminal region of the germ filament becomes gradually quiescent, a lateral 
branch may be developed by one of the daughter cells formed by longitudinal 
division of an intercalary cell. This branch then continues the growth of 
the prothallus (Figs. 10, 11). Rarely a group of intercalary cells on one 
side develops into a broad lateral lobe: this lobe expands and develops 
into the prothallus while the uniseriate anterior region remains as a beak- 
like protuberance (Fig. 12). Young prothalli of A. aureum are characteristic 
in being broad and nearly ribbon-like, often with the anterior as well as 
the posterior ends more or less tapering and the intercalary region com- 
posed of many, narrow, transversely elongated, disk-like cells (Figs. 5-9). 

The prothallus expands, and, in about 2 weeks after sowing the spores, 
becomes nearly spatulate. Lateral cells on one side, nearly towards or a little 
below the middle of the spatulate region (Fig. 7), now divide more frequently 
than the others: this region later grows out as a broad lobe (Fig. 13). The 
terminal cell of the prothallus (which remains uniseriate), in some eases 
produces an apical rhizoid (Fig. 16, r) and other rhizoids are developed by 
some of the basal cells. The lateral lobe expands considerably and con- 
sequently the terminal region of the prothallial plate is pushed to one side 
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A speciosum (Stokey and Atkinson, 1952), but the neck is comparatively 
shorter, being only 4 or 5 cells long (Fig 24) The neck canal cell is usually 
bmucleate, but, as in A speciosum, was sometimes found to contain four 
nuclei three nucleate neck canal cells, however, were not observed in 
A aureum The development of the archegonium is of the common type 
(Figs 21-23) Archegomal initials are differentiated generally 5-7 cells 
behind the menstem of the prothallus (Fig 21) During development, 
the neck canal nucleus divides prior to the differentiation of a ventral canal 
nucleus (Fig ,23) As the archegoma attain maturity the prothallial cells 
surrounding the egg divide and form a well differentiated venter composed 
of a row of regularly arranged small cells (Fig 24) 

Juvenile Sporophyte 

The early juvenile leaves of the sporophyte are generally spatulate and 
nearly entire (Figs 26-29) the simplest ones may be broadly obcuneate 
with a rounded apex The single vein supplying the lamina is forked once 
or twice Generally the very first juvenile leaf is spatulate with the vein 
dichotomising two or three times (Fig 31) Two or three of the succeeding 
leaves may be similar but larger Often a large central areole, bearing 
excurrent veinlets, may be formed by fusion of some of the ultimate vemlets 
(Fig 29) A midnb is developed by the third or the fourth leaf, and soon 
areoles are developed on either side of it (Fig 30) The apex of the lamina 
becomes pronounced a distinctly oblong lamina with a central midrib and 
profusely reticulate venation resembling the adult pattern is developed by 
the eighth to the tenth leaf (Fig 32) All the juvenile leaves possess a simple 
lamina with a nearly entire margin though herbaceous, the lamina is thick, 
in marked contrast to the thin membraneous juvenile lamina of most of 
the ferns (see Fig 34) The early juvenile leaves are naked multicellular 
hairs and paleae are developed at the stipe base Multicellular hairs 
with slightly swollen terminal cells occur sparsely o\er the stipe of the 
third juvenile leaf onwards similar but smaller hairs gradually spread 
over the mam veins (but are sparse) in later-formed leaves 

Discussion 

The prothallus of A aureum is closely similar to that of A speciosum 
(Stokey and Atkinson, 1952), m its morphology and development, e\cn 
though there are minor differences especially with regard to the develop- 
ment of a prothallial plate In A aureum the prothallial plate expands 
laterally by the increased activity or some or the lateral mtercalary cells of 
the nbbon-Iike thallus and develops into a broad spatulate plate in which a 
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meristem is differentiated on the side facing the posterior end of the pro- 
thallus, contrary to the condition in A. speciosum. The major features 
which characterise the prothallus of Acrostichum are : the intercalary growth 
of the germ filament by the addition of more cells rather than by cell 
elongation, the completely lateral development of the meristem, the omis- 
sion of an apical-cell-stage in development, the nature and behaviour of 
the terminal cell of the germ filament, the asymmetric nature of the mature 
prothallus, lack of hairs on the prothallus, and the beaked nature of the 
opercular cell of the antheridium. A lateral development of the meristem 
is found in several genera of the Pteridaceae, including Pteris, but is not 
a universal feature in the family: it is more conspicuous in Pityrogramma 
and Onychtum, but in these genera the terminal region of the germ filament 
is not quiescent as in Acrostichum. A condition similar to that in Onychium 
etc., is reported in some schizaeoid ferns (Atkinson, 1960; Kaur, 1961). 
Among the aspidioid ferns (from which group Ching derives the Acro- 
stichaeceae) the meristem usually is lateral in the early stages of development, 
but this initial asymmetric development, as pointed out by Stokey and 
Atkinson (1952), does not appear to be comparable to the distinctly lop- 
sided development of Acrostichum. In many of the aspidioid ferns, the 
terminal cell of the germ filament stops growth and ends in a hair : a meri- 
stematic cell is then developed by an oblique division in one of the penul- 
timate cells (Nayar, 1960 a; Nayar and Kaur, 1963; Nayar and Chandra, 
1963). The beaked nature of the quiescent terminal cell of Acrostichum 
does not appear to be comparable to this terminal hair of the Aspidiod 
ferns. Moreover, the prothalli of all aspidioid ferns, as far as are known, 
are profusely hairy in contrast to the naked thalli of Acrostichum. Also, 
the spores of the Aspidiaceae are of the monolete type, enveloped by a 
distinct perine (Nayar and Devi, 1963, 1964). The trilete spores of Acro- 
stichum ally it to the Pteridaceae, a family characterised by trilete spores. 
However, the spores of the pteroid ferns, Onychium , Pityrogramma, Actiniop- 
teris (Nayar, 1962 c), etc., possess a characteristic equatorial ridge. 


The juvenile leaves of Acrostichum also differ from the usual type in 
the Pteridaceae in possessing a simple, entire lamina : a lobed or dissected 
lamina characterise the Pteridaceae (Nayar, 1962 c, 1 962 d, 1962 c ; Nayar 
and Kaur, 1963). The early juvenile leaves of some of the cheiianthoid 
ferns (Nayar, 1956, 1960 6, 1962 a, 1963; Nayar and Bajpai, 1964) tend 
to be less dissected to nearly entire, but they soon become lobed as a midrib 
is formed, and are profusely hairy. 
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A speciosum (Stokey and Atkinson, 1952), but the neck is comparatively 
shorter, being only 4 or 5 cells long (Fig 24) The neck canal cell is usually 
bmucleate, but, as in A speciosum, was sometimes found to contain four 
nuclei three nucleate neck canal cells, however, were not observed in 
A aureum The development of the archegomum is of the common type 
(Figs 21-23) Archegomal initials are differentiated generally 5-7 cells 
behind the menstem of the prothallus (Fig 21) During development, 
the neck canal nucleus divides prior to the differentiation of a ventral canal 
nucleus (Fig 23) As the archegoma attain maturity the prothalhal cells 
surrounding the egg divide and form a well differentiated venter composed 
of a row of regularly arranged small cells (Fig 24) 

Juvenile Sporophyte 

The early juvenile leaves of the sporophyte are generally spatulate and 
nearly entire (Figs 26-29) the simplest ones may be broadly obcuneate 
with a rounded apex The single vein supplying the lamina is forked once 
or twice Generally the very first juvenile leaf is spatulate with the vein 
dichotomising two or three times (Fig 31) Two or three of the succeeding 
leaves may be similar but larger Often a large central areole, bearing 
excurrcnt veinlets, may be formed by fusion of some of the ultimate vemlets 
(Fig 29) A midrib is developed by the third or the fourth leaf, and soon 
areoles are developed on either side of it (Fig 30) The apex of the lamma 
becomes pronounced a distinctly oblong lamina with a central midrib and 
profusely reticulate venation resembling the adult pattern is developed by 
the eighth to the tenth leaf (Fig 32) All the juvenile leaves possess a simple 
lamma with a nearly entire margin though herbaceous, the lamina is thick, 
m marked contrast to the thin membraneous juvenile lamina of most of 
the ferns {see Fig 34) The early juvenile leaves are naked multicellular 
hairs and paleae are developed at the stipe base Multicellular hairs 
with slightly swollen terminal cells occur sparsely over the stipe of the 
third juvenile leaf onwards similar but smaller hairs gradually spread 
over the mam veins (but are sparse) m later formed leaves 

Discussion 

The prothallus of A aureum is closely similar to that of A speciosum 
(Stokey and Atkinson, 1952), in its morphology and development, even- 
though there are minor differences especially with regard to the develop- 
ment of a prothalhal plate In A aureum the prothalhal plate expands 
laterally by the increased activity of some of the lateral intercalary cells of 
the nb on like thallus and develops into a broad spatulate plate in which a 
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meristem is differentiated on the side facing the posterior end of the pro- 
thallus, contrary to the condition in A. speciosum. The major features 
which characterise the prothallus of Acrostichum are: the intercalary growth 
of the germ filament by the addition of more cells rather than by cell 
elongation, the completely lateral development of the meristem, the omis- 
sion of an apical-cell-stage in development, the nature and behaviour of 
the terminal cell of the germ filament, the asymmetric nature of the mature 
prothallus, lack of hairs on the prothallus, and the beaked nature of the 
opercular cell of the antheridium. A lateral development of the meristem 
is found in several genera of the Pteridaceae, including Pteris, but is not 
a universal feature in the family: it is more conspicuous in Pityrogramma 
and Onychium , but in these genera the terminal region of the germ filament 
is not quiescent as in Acrostichum. A condition similar to that in Onychium 
etc., is reported in some scfirzaeorcf ferns (Atkinson, I960 ; Kaur, 1961). 
Among the aspidioid ferns (from which group Ching derives the Acro- 
stichaeceae) the meristem usually is lateral in the early stages of development, 
but this initial asymmetric development, as pointed out by Stokey and 
Atkinson (1952), does not appear to be comparable to the distinctly lop- 
sided development of Acrostichum. In many of the aspidioid ferns, the 
terminal cell of the germ filament stops growth and ends in a hair : a meri- 
stematic cell is then developed by an oblique division in one of the penul- 
timate cells (Nayar, 1960 a; Nayar and Kaur, 1963; Nayar and Chandra, 
1963). The beaked nature of the quiescent terminal cell of Acrostichum 
does not appear to be comparable to this terminal hair of the Aspidiod 
ferns. Moreover, the prothalli of all aspidioid ferns, as far as are known, 
are profusely hairy in contrast to the naked thalli of Acrostichum. Also, 
the spores of the Aspidiaceae are of the monolete type, enveloped by a 
distinct perine (Nayar and Devi, 1963, 1964). The trilete spores of Acro- 
stichum ally it to the Pteridaceae, a family characterised by trilete spores. 
However, the spores of the pteroid ferns, Onychium, Pityrogramma, Actiniop- 
teris (Nayar, 1962 c ), etc., possess a characteristic equatorial ridge. 


The juvenile leaves of Acrostichum also differ from the usual type in 
the Pteridaceae in possessing a simple, entire lamina: a lobed or dissected 
lamina characterise the Pteridaceae (Nayar, 1962 c, 1962 <7. 1962 c; Nayar 
and Kaur, 1963). Tie early juvenile leaves of some of the cheilanthoid 
ferns (Nayar, 1956, 1960 b, 1962 a, 1963; Nayar and Bajpai, 1964) tend 
to be less dissected to nearly entire, but they soon become lobed as a midrib 
is formed, and are profusely hairy. 
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Summary 

The spores of A aureitm are tnlete and granulose On germination, 
a 6-10 cells long germ filament is produced, in which growth is mainly by 
intercalary formation of new cells rather than by cell elongation One or 
two of the terminal cells become quiescent soon, and the intercalary cells 
form a prothalhal plate Cells on one side of the plate are more active 
than those on the other and a broad amenstic lateral lobe is developed by 
their activity As the lobe becomes spatulate, a multicellular meristem is 
differentiated from marginal cells on the side facing the posterior end of 
the germ filament By the activity of the menstem the prothallus becomes 
cordate, with the menstem at the bottom of the notch A midrib is formed 
behmd the notch and the prothallus grows to become asymmetrically 
cordate The mature prothallus is naked and with rtlffled wings Juvenile 
leaves possess entire, naked lamina 
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Explanation of Figures 

Figs. 1-32. Fig. 1. Proximal view of spore. Fig. 2. A 5-day-old germ filament. 
Fig. 3. Germ filament, showing initiation of plate formation by longitudinal division in an 
intercalary cell. Figs. 4-6. Formation of a prothaliiid plate. Fig. 7. A 2-weck-old pro- 
thallus, showing increased mcristematic activity of lateral cells on one side. Figs. 8, 9. Young 
prothalli, showing divided terminal cell. Figs. 10, 11. Development of a lateral lobe in young 
prothalli. Fig. 12. Young prothallus, showing an enlarged lateral lobe and quiescent terminal 
region. Figs. 13-15. Stages in the development of a lopsided prothallial plate (.r, mcristematic 
region, t, terminal region). Fig. 16. A 3-wcck-old prothallus, showing development of a notched 
‘apex’ (x), and the terminal region of the prothallus (t) ending in a rhizoid (r). Fig. 17. 
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Mature prothallus ( 9 , archegomum) Fig. 18 Mature anthendium. Fig 19 Anthendium, 
showing dehisceme {o, pore like opening) Fig 20 Stalked anthendium Fig. 21 Ls of 
apical region of mature prothallus, showing initiation of archegomum (9, archcgomum) 
Figs. 22, 23 Stages in development of young archcgomum Fig 24 Mature archegomum 
Fig. 25 Apical region of mature prothallus (9, archegomum) Figs 26-32. Juvenile leaves. 

Explanation of Plate VIII 

Bo 33 Acrostichum aureum growing in a marshy area on the Kerala coast. 

Fio 34 Cultured prothalli of A aureum 

(j, juvenile plants. The arrow on the right points to the uplifted terminal region of a 
prothallus.) 








THE BLOOD VASCULAR SYSTEM OF RIOPA 
GUENTHERI (PETERS) 
REPTILIA: SAURIA 


By H. V. Kashyap and V. B. Nigwekar 

(■ College of Science, Nagpur) 

Received October 31, 1963 
(Communicated by Dr. M. K. Subramaniam, f.a.sc.) 


Introduction 

Riopa guentheri belongs to the family Scincidae and is fairly common at 
Castle-rock, a place in the Western Ghats, about 60 miles south-west of 
Dharwar, Mysore State, India. They are cryptic and lie hidden underneath 
stones. They seem to prefer hill tops. Castle-rock enjoys a good rainfall 
averaging about 90 inches per year. The lizard is peculiar in possessing 
very rudimentary limbs and exhibiting a sort of fossorial life. The present 
work gives a general morphological account of the heart and the vascular 
system and also examines whether the reduction in the limbs and the lizard’s 
peculiar mode of life have any bearing on the vascular system. 

Material and Method 

The specimens were kept alive in the laboratory till such time as they 
were used for dissection. As the lizard is small, the blood-vessels are very 
slender and therefore injection methods were not a success. However, Indian 
ink injection through the heart rendered the arteries darker and facilitated 
their dissection to some extent. The venous system had to be studied in 
freshly killed specimens. 


The Heart 

A detailed account of the heart of Riopa guentheri has already been given 
in a paper published by one of us (Kashyap, 1951) and, therefore, only a 
general description is given here. The heart lies in the pericardial cavity, 
slightly in front of the line joining the two axilla. The anterior position 
of the heart is, according to Rathke (1848), an indication of a lower grade 
of organisation. The heart is only slightly elongated and possesses a guber- 
naculum cordis connecting the ventricular apex with the pericardium. The 
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sinus venosus (Fig 2, sin \en ) is not sharply marked off from the base of 
the three venous trunks The sinu-auncular aperture is elliptical in shape 
and obliquely transverse in position It is guarded by well-developed anterior 
and posterior valves The right auricle (Figs 1, 2 and 4, rt aur ), as in most 
reptiles, is larger than the left (Figs 1, 2 and 4, It aur) and bears a rounded 
diverticulum (Fig 2, divert ) m its anterior portion, towards the median 
line The pulmonary vein is single and reaches the left auncle from the 
posterior side (Fig 2, pul vein) The auriculo-ventncular apertures are 
guarded, each, by a single large mesial valve attached to the posterior portion 
of the inter auricular septum It is also attached to the wall of the ventricle 
along its dorsal and ventral margins Its lateral margin is free, indented 
and indexed There are no chordae tendinae The ventricle (Figs 1, 2 
and 4, vent ) has two cavities, a large left-dorsal cavum dorsale and a small 
right ventral cavum pulmonale The two cavities are separated by an 
incomplete interventricular septum 

The Arterial System 

The three aortic aiches arise in the same antero-postenor sequence as 
they do in the heart of other lizards, namely, right systemic, left systemic 



Fra 1 Riopa gumf/ren— Ventral view of the heart showing the aortic arches and their 
branches. 

coel axis, coeliac axis, dors aorta, dorsal aorta, duct car, ductus caroticus ext ear 
external carotid , int car^ internal carotid , It aur , left auricle. It car , left carotid , It put art’, 
left pulmonary artery. It subcl art ^ left subclavian artery, It syst , left systemic arch, put arch, 
pulmonary arch, rt aur^ right auncle , rt car , right carotid , rt pul art^ right pulmonary artery ' 
rt Sahel erf., right subclavian artery, rt syrst^ right systemic arch, th gin., thyroid gland , rent * 
ventricle; rrrf art n vertebral artery ’ 
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and the pulmonary arch. The three arches seem to arise from a small swelling 
situated near the base of the ventricle, slightly to the right of the median line 
on the ventral aspect. O’Donoghue (1920) reports a similar swelhng in 
Z heart of Sphenodon pmwtatus and regards it as a remnant of the conns 
iterioTns Such a swelling is common in the hearts of lizards and snakes. 

their orig in the aortic arches undergo a slight twist so that the 
outaonary melt which is towards the left of the left systemic arch at the point 
"if* t0 a pos i,ion dorsal to both the left and right systemic arches. 
The^eft 'systemic arch arises from the right side of the base of the ventricle 
Iwielhe right systemic arch arises from the left side. This condition is 
common to 1st of the reptiles. The coiling of the am«c arches, however, 
may be loose (Chelonia) or tight (Lacertilm and Ophidia). 

i m ,i ar ch) is a large trunk which arises from 
The Plenary h (F base of the ventricle, slightly to the right side, as 
the ventral portion of the baS " °\ “ pu i mon ale. It soon bifurcates into 
an anterior continuation of the cavum puimo a . ^ ar( ) which 

a pair of pnhnona^grten^CBg . ^ ^ ^ ^ p ^ ctatm (0 . Do noghne, 

take the blood to di g an d Hemtdactylus fiamiridis 

1920), 3 D “ Zither, also there is a tracheal artery 

(Bhatia and Dayal, 1933. ), m wc P 5 ,r. nr/.). The 

arising from each pu i monmy J .<? 1^ „ etwork on , h c trachea. 

S"To"ote a primitive feature and has been described in 

Sphenodon pmetatm by O'Donoghne (1920). 

• rFiPs 1 2 and 4, It. syst .) emerges from the 

The left systemic ar ( g • ’ systemic arch, runs obliquely for a 

ventricle, slight y ^ven r “ (0 mKt the right systemic arch to form the 
distance and then po y |rf( systemic arch is sitllat cd near the 

dorsal aorta. The opem S toterven tricnlar septum, sliglitly dorsal 
anterior end of ofthe rigllt s y S temic arch. The left systemic 

side ^ 

duct. car.). , 

- nf a ductus caroticus, a connection between the carotid 
The presence of a due ^ been rep0 rted in Calotcs versicolor 

trunk and the systemic " ^ , flaviviridis (Bhatia and Dayal, 1933; 

(Das and Mitter, 1928), Hem (Das and D as, 1931). The ductus 

Mahendra, 1942) and ec tg a str jking appearance being so big as 

caroticus in Riopa guen ie d tbe carotid trunk a small branch arising 

to seem that it is the main ^sel ^dth ^ ^ of ^ lizard 

srik — " * * - the b,ood conta,n 
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m the left carotid trunk and the left systemic arch mix freely The ductus 
caroticus gives off a small branch called the arteria muscularis cervices to 
the muscles of the neck and the thymus gland Such a branch has been 
observed in Gecko \erticillQtus (Das and Mitter, 1928) and Henudoctylus 
flavmridis (Bhatia and Dayal, 1933, Mahendra, 1942) 



Fig 2. Riopa guenthen—'Dons.l view of the heart showing the pulmonary arch the tracheal 
artery and the pulmonary vein 

divert , diverticulum , It our , left aunde , It /.left lung, It pre cav , left precaval , It pul art , 
left pulmonary artery , It syst , left systemic arch, It tr art, left tracheal artery, pul vein 
pulmonary vein, rt aur , right auncle, rt car , right carotid, rt I , right lung, rt pre cav , right 
precaval, rt pul art , right pulmonary artery, rt syst, right systemic arch, rt tr art , right 
tracheal artery, tr, trachea, sin ten , sinus venosus, rent, ventricle. 


The nght systemic arch (Figs 1, 2 and 4, rt syst ) emerges dorsal to both 
the pulmonary and the left systemic arches Its opening is situated slightly 
mesial and anterior to that of the left systemic at the right basal comer of the 
cavum dorsale In a level with the anterior margin of the auricles, the right 
systemic arch gives ofT a common carotid trunk, gradually curves round 
the heart and then runs posteriorly to meet the left systemic arch The 
juncUon of the two systemic arches, as in most reptiles excepting the 
rhclonians, is dorsal to the heart, in a level with the middle of the ventricle 
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Vessels Arising from the Right Systemic Arch 


(a) The common carotid trunk arises from the right systemic arch at 
about the level of the anterior margin of the auricles and very soon divides 
into left and right branches (Figs. 1, 2 and 4, It. car. ; rt. car.). Each branch 
gives off an internal and an external carotid artery (Fig. 1, int. car .; ext. car.). 
The internal carotid artery runs lateral to the brain and divides into two 
branches. One of these passes beneath the columella, enters the snout region 
and breaks up into smaller branches. The other branch runs alongside the 
brain and breaks up into finer vessels in the anterior region. The external 
carotid artery gives off branches to the hyoid apparatus and the tongue. 



Fig. 3. Riopa guentlicri— The dorsal aorta and its branches. 
acc. ov. art., accessory ovarian artery; caud. art., caudal artery; cod. axis, cocliac axis; 
dors, aorta, dorsal aorta; fern, art., femoral artery; il. art., iliac artery; int. arts., intestinal 
arteries; It. kid., left kidney; It. ov., left ovary; It. syst., left systemic arch; m. gas. art., mid-gastric 
artery; oes. art., oesophageal artery; or. art., ovarian artery; par. arts., parietal arteries; rcn. art., 
renal artery; rt. kid., right kidney; rt. ov., right ovary; rt. syst., right systemic arch; sci. art., 
sciatic artery. 


200 


H V Kashyap and V B Nigwekar 


(b) The vertebral artery (Fig 1, vert art ) is the first vessel to arise from 
the right systemic arch after it has given off the common carotid trunk It 
runs by the side of the vertebral column and supphes blood to it 

(c) Next to the vertebral artery, further posteriorly, arise the left and 
right subclavian arteries (Fig 1, It subcl art ,rt subcl art ) There appears 
to be a number of variations regarding the origin of the two subclavian arteries 
among the lizards that have been studied In Lacerta vindis (Saunders 
and Manton, 1931) the two subclavians originate at the same level, opposite 
each other, while in Varanus they arise as a smgle branch and then bifurcate 
into left and right subclavian arteries Each one of them gives off a vertebral 
artery In Riopa guentheri the two subclavians arise at different levels, the 
right one being anterior to the left As already referred to, the vertebral 
artery has an independent origin 

(d) At the junction of the two systemic trunks arises a small vessel called 
the coeliac axis (Fig I, coel axis ) which supphes blood to the muscles of 
the body wall 


The Dorsal Aorta 

The dorsal aorta (Figs 1 and 3, dor aorta ) is the biggest arterial trunk 
and is formed by the fusion of the two systemic arches and runs along the 
whole length of the body beneath the vertebral column Along its length 
it gives off a senes of paired lateral branches called the panetal artenes (Fig 3, 
par arts ) which supply blood to the muscles and the body wall There 
are about 25-35 pairs of these segmentally arranged vessels The dorsal 
aorta also supphes blood to the various organs situated m the abdominal 
cavity by means of several branches which have been descnbed below in 
their antero posterior sequence 

(a) Two oesophageal artenes (Fig 3, oes arts ) anse about the level 
of the fifth and tenth pair of panetal artenes and supply blood to the 
oesophagus 

(b) The mid-gastnc artery (Fig 3, m gas art ) anses next in order, at 
about the level of the fifteenth pair of panetal artenes and soon bifurcates 
into two branches The antenor branch supphes the stomach while the 
postenor one supphes not only the posterior part of the stomach but also 
the duodenum, pancreas and spleen 

(e) The intestinal artenes (Fig 3, mt arts ) are two in number and anse 
at about the level of the twenty-eighth or thirtieth pair of panetal arteries 
The antenor intestinal artery runs across the postenor one and supphes blood 
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to the lower parts of the alimentary canal. The posterior intestinal artery 
supplies the small intestine. 

(d) The gonadal arteries are paired and arise posterior to the intestinal 
arteries and supply blood to the gonads. The gonads are also supplied with 
blood by a pair of accessory gonadal arteries arising more posteriorly near 
the kidneys (Fig. 3, ov. art . ; acc. ov. art). 

(e) The renal arteries form a pair of vessels arising opposite to each 
other in a level with the middle portion of the kidney and supplying blood 
to that organ (Fig. 3, ren. art.). 

(/) Finally, the dorsal aorta gives off a branch to each of the hind limbs 
and continues posteriorly as the caudal artery (Fig. 3, caud. art.). The branch 
supplying blood to the hind limb is called the iliac artery (Fig. 3, il. art.) and 
it divides soon into the sciatic and femoral arteries (Fig. 3, sci. art.; fern. art.). 



az. vein , azygos vein; cor. pect., coraco-pectoralis vein ; cor. reap., coraco-scapularis vein; 
hyo. app., hyoid apparatus; jug. vein, jugular vein; it. aur., left auricle; It. car., left carotid; It. 
pre. cav., left prccaval; It. syst., left systemic arch; It. tr. vein., left tracheal vein; muse. cut. vein., 
musculo-cutaneous vein; post. ren. cav., posterior vena cava; rt. aur., right auricle; rt. car., right 
carotid; rt. mand. vein, right mandibular vein ; rt.pre. cm-., right prccaval; rt. syst., right systemic 
arch; rt. tr. vein., right tracheal vein ; subci. vein, subclavian vein ; tr., trachea ; vent., ventricle. 


no 





H V. Kashyap and V. B Nigwekar 
The Venous System 

The venous system of Riopa guentheri resembles that of Hemidactylus 
flauvindis (Mahendra, 1942) in its mam features For the sake of description 
the venous system has been divided mto anterior and posterior divisions 

The anterior \ eitous system 

The venous system of the anterior region shows certain peculiarities 
which signify a primitive condition Blood from the anterior region is drained 
into the sinus \enosus by the right and left anterior venae cavae Both being 
similar in disposition, only the right anterior vena cava has been described 
in detail 

The right anterior vena cava or the right precaval (Figs 2 and 4, rt pre 
cav) is formed by three principal vessels, namely, the tracheal, the common 
jugular and the subclavian The mode of union of these three vessels vary 
slightly m different lizards In Hemidactylus fiavmridis (Mahendra, 1942) 
the tracheal vein joins the common jugular vein quite anteriorly while the 
subclavian does so at its root Mahendra (1942) refers to the fact that in 
Psammosaurus griseus (Corti, 1853) and Varanus bengalensis (Thapar, 1921) 
the anterior vena cava is formed by two veins only, namely, the jugular and 
the subclavian In the rhynchocephalian Sphenodon pmctatus (O’Donoghue, 
1920) the three trunks meet at a point In Riopa guentheri, however, a 
strikingly different disposition is seen The tracheal vein (Fig 4, It tr vein , 
rt tr \ein ) opens mto the base of the precaval while the subclavian vein 
(Fig 4, subcl vein) opens into the base of the large azygos vein (Fig 4, az. 
\eiti) instead of opening mto the jugular vein (Fig 4, jug vein) 

The tracheal vein is a fairly large vessel which runs dorsal and parallel 
to the comparatively smaller tracheal artery The opening of the tracheal 
vein mto the base of the precaval is hidden from view by the anterior portions 
of the auricle As in Sphenodon piaictatus (O Donoghue, 1920) and Hemi- 
dactylas flaxivmdis (Mahendra, 1942) the right tracheal vein is longer than 
the left Anteriorly the tracheal vein receives the lingual vein and, in the 
snout reg on, small tributaries from muscles 

Riopa guentheri resembles Hemidactylus flauvindis (Mahendra, 1942) 
in the absence of the anastomosis between the two tracheal veins This 
condition is presumed to be a primitive one Even m Sphenodon punctatus 
(O Donoghue, 1920) there is a sort of a network between the two tracheal 
veins and in Varanus bengalensis (Thapar, 1921) there are four anastomoses 
at different points 
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The jugular vein is a stout vessel which receives a single branch, namely, 
the mandibular vein (Fig. 4, rt. maud. vein). It drains the blood from the 
neck and the adjacent muscles with the aid of minute tributaries. The mandi- 
bular vein joins the jugular vein near the angle of the jaw. The jugular 
vein and the mandibular vein thus collect blood from different parts of the 
head anterior to the neck. The external jugular vein may be taken to be 
wanting altogether or may be supposed to be represented by some insignificant 
vessel joining the jugular vein. 

The subclavian vein (Fig. 4, sub cl. vein) is a very thin vessel which 
pursues a straight course from the base of the limb to the base of the precaval. 
It fetches blood from the forelimb, shoulder girdle and the body wall. The 
vessels taking part in the formation of the subclavian are the same as in Hemi- 
dactylus flaviviridis (Mahendra, 1942) and Sphenodon pwictatus (O’Donoghue, 
1920) and they are vena coraco-scapularis, vena musculo-cutaneous and vena 
coraco-pectoralis (Fig. 4, cor. scap. ; muse. cut. vein ; cor. pect.). Of these, 
the last-named is fairly large and may be described in some detail. In its 
size, the coraco-pectoralis appears to be stouter than the subclavian of which 
it is a tributary. It collects blood from the lateral part of the thoracic region. 
It is thin at either ends and somewhat dilated in the middle. Along its 
course, it receives segmentally arranged vessels which run parallel to the 
spinal nerves. The coraco-pectoralis also receives a small branch opposite 
to the point where the musculo-cutaneous vein joins it. This small branch 
brings blood from the intercostal muscles and does not seem to be represented 
in other lizards. 

The azygos vein (Fig. 4, az. vein) collects blood from the costal and 
vertebral region and drains it into the precaval. It is very much larger than 
the subclavian vein which opens into it. It may be noted that, probably 
as a result of the reduction of the forelimb, the subclavian vein has undergone 
a corresponding reduction in size. The fossorial mode of living as also the 
active habits of the lizard may have given a greater emphasis to the azygos 
vein which drains the blood from the thoracic region which is concerned 
with respiratory movements. 

The Posterior Venous System 

Blood from the posterior region is drained into the heart by the large 
posterior vena cava (Figs. 4 and 5, post. ven. cavl). It is formed by the union 
of the two venae renales revehentes (Fig. 5, It. ren. reve . ; rt. ren. revel). The 
union occurs at about the level of the gonads. The posterior vena cava runs 
through the substance of the right fiver lobe, entering its posterior prolonga- 
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tion dorsally Inside the liver it runs quite superficially and leaves it at 
its anterior margin, ventrally About eight to ten more or less prominent 
vessels join the posterior vena cava during its passage through the liver 
These \essels bring blood from the body wall After emerging from the 
liver, the posterior vena cava runs straight towards the heart and opens into 
the sinus venosus 

The venae renales revehentes are paired in Riopa guenthen They trans- 
port blood from the kidneys and hence act as efferent renal vessels 
Mahendra (1942) while referring to these \eins in Hemidactyhis fiavivmdis 
classifies the venae renales re\ehentes met with among the lizards into three 
types, on the basis of their origin The first type arises posterior to the kidneys 
as a single vessel, bifurcates into two branches which run anteriorly and 
fuse again to form the posterior vena cava This type is found in Pygopus 
lepidopits (Beddard, 19M) and Varanus bengalensis (Thapar, 1921, Bhatta- 
charya 1921) The second type arises as paired vessels in between the two 
kidneys interconnected, in some by transverse vessels This type is found in 
Lacerta (Hochstetter, 1893) and Hemidactyhis flauvindts (Mahendra, 1942) 
The third type also arises in between the two kidneys rather in the form of a 
large sinus which receives numerous vessels from the kidneys This type 
has been reported by Bhatia (1929) in LJromastix hardwickn In Riopa 
guenthen it is of the inter renal type similar to the one found in Hemidactyhis 
flaviuridis (Mahendra, 1942) The two venae renales revehentes are inter- 
connected, towards their posterior end, by three short transverse vessels 
referred to as the inter renal anastomoses (Fig 5, int ren anast ) The 
number and position of such transverse vessels are variable In Sphenodon 
pimetatus (O’Donoghue, 1920) there are four transverse vessels, in Lacerta 
undis (Saunders and Manton, 1931) one and in Hemidactyhis flavivindis 
(Mahendra, 1942) two In these the trans\erse vessels are not restricted 
to the posterior portions of the venae renales revehentes 

As is commonly seen jd other lizards, m Riopa gueniheri also the right 
' ena renales re\ehentes is slightly shorter than the left Their diameters 
are, however, equal and they contribute equally to the formation of the 
posterior vena cava In this respect it resembles only one other lizard, 
Varanus bengalensis (Thapar, 1921) The gonadal and renal veins open 
into the venae renales revehentes 

In Riopa guenthen the spermatic veins are more than one m number 
The spermatic veins of the left side open into the vena renales revehentes 
of their side while those of the right side open directly mto the postcaval 
This condition is similar to that of Sphenodon pimetatus (O’Donoghue, 1920) 
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and Hemidactylus flaviviridis (Mahendra, 1942) and differs markedly from 
that of Varanus bengalensis (Thapar, 1921; Bhattacharya, 1921) and 
Uromastix hardwickii (Bhatia, 1929). In Varanus bengalensis, the right sper- 
matic vein opens into the vena renales revehentes of its side instead of into 
the postcaval. In Uromastix hardwickii “ the right testis is supplied with 
four venae spermaticae, two of which open into the transverse anastomosis 
and the rest into the posterior vena cava ” 
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The two ovaries of Riopa guentheri are situated at different levels, the 
nght one being anterior to the left As in the case of the testes the left 
ovanan vein opens into the vena renales revehentes of its side while that of 
the nght opens into the postcaval (Fig 5, ov vein) 

As in Hemidactylus flavivirtdis (Mahendra, 1942) the supra renal veins 
are minute and open into the venae renales revehentes of their respective side 
In Sphenodon punctatus (ODonoghue, 1920) and Uromastix hardmcku 
(Bhatia, 1929) these veins open into the gonadal veins 

Blood from the tail region is collected by the caudal vein (Fig 5, caud 
vein) which runs the entire length of the tail, ventral to the caudal artery 
At the level of the cloaca it bifurcates into two venae renales advehens (Fig 5, 
\en ren adv ) or the renal portal veins which ramify within the substance 
of the kidney This bifurcation of the caudal vein may occur prior to its 
entering mto the conjoined end of the two kidneys as in Sphenodon punctatus 
(O’Donoghue, 1920) or after entering it as in Hemidactylus flavmndts 
(Mahendra 1942) and Riopa guentheri 

A common iliac vein (Fig 5, com il xem ) is formed by the fusion of the 
femoral and internal iliac veins (Fig 5, fern vein, mtl il vein) The common 
iliac vein receives a small transverse vessel called vena anastomotica renales 
(Fig 5, xen anast ren ) from the renal portal vein and then proceeds cephalad 
as the pelvic vein (Fig 5, pel xem) The pelvic vein is joined by three small 
vems the parietal vein bringing blood from the body wall, the rectal from the 
rectum and the vesicular from the urinary bladder (Fjg 5, It par vein , It 
rect xem, It x es xem) 

Beyond the level of the kidneys, anteriorly, the two pelvic veins join 
together to form the anterior abdominal vem (Fig 5, ant abd vein) The 
anterior abdominal vein runs cephalad through the fat bodies receiving minute 
b-anches from them and finally joins the hepatic portal vem to enter into the 
left lobe of the liver 


The Hepatic Portal System 


Blood from the alimentary canal is collected by various vems which 

ummately join together to form the hepatic portal vein (Fig 5, hep port vem) 

The following vessels go to form the hepatic portal system. 


Two oesophageal vems (Fig 5, oes xeins) emerge, one behind the other, 
P w n0r Cnd r ° ftie oe *** a 8 n » Each oesophageal vein is fanned by 
tv branches coming from opposite directions on the wall of the oesophagus 
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Both the oesophageal veins open independently into the liver on its anterior 
dorsal aspect. 

As in Hemidactylus flaviviridis (Mahendra, 1942) in Riopa guentheri 
also the hepatic portal vein is formed by the union of two large vessels, namely, 
the anterior gastric vein (Fig. 5, ant. gas. vein ) and the intestino-gastero- 
linealis vein (Fig. 5, ven. int. gast. lin.). 

The anterior gastric vein drains blood from the anterior part of the 
stomach and opens into the hepatic portal vein before the latter receives the 
anterior abdominal vein. In some specimens a small vein coming from 
the stomach is seen to join the anterior abdominal vein instead of the hepatic 
portal vein. 

The intestino-gastero-hnealis vein is formed by the union of several 
veins that bring blood from various parts of the alimentary canal posterior 
to the stomach. These veins can be called, according to the site of their 
origin, the pancreatic, duodenal, anterior and posterior intestinal and rectal 
veins (Fig. 5, pancr. vein ; ant. int. vein ; post. int. vein). Along with the 
above-mentioned veins there is a small vein bringing blood from the spleen 
and joining the hepatic portal vein. A hepatic vein (Fig. 5, hep. vein ) coming 
from the liver joins the hepatic portal vein in front of the anterior gastric vein. 

A parietal vein (Fig. 5, par. vein) bringing blood from the ventral aspect 
of the vertebral column joins the right liver lobe directly on its dorsal aspect. 

The Pulmonary Vein 

The common pulmonary vein (Fig. 2, pul. vein) is formed by the union 
of the right and left pulmonary veins as in Hemidactylus flaviviridis 
(Mahendra, 1942). Each pulmonary vein is formed by several small vessels 
that collect blood from the lung. It leaves the lung slightly anterior to its 
middle part, mesially. The common pulmonary vein runs parallel to the 
left pulmonary artery, crosses the left precaval vein and opens into the left 
auricle on its dorsal aspect. 


Conclusions 

The study of the vascular system of Riopa guentheri reveals that it is 
more or less primitive by virtue of the following: 

The anterior position of the heart; tracheal veins ending in a capillary 
network on the trachea; large size of the ductus caroticus; absence of anasto- 
mosis between the two tracheal veins and the tracheal vein joining the 
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base of the precaval vein while the subclavian vein opens into the base of the 
large azygos \em instead of opening into the common jugular vem 

There are not many adaptive features m the vascular system Two such 
features that may be recorded here are (1) the reduction in size and importance 
of the subclavian artery and vem as a consequence of the reduction in size 
of the forelimbs and (2) the conspicuously large size of the azygos vein, 
probably, in harmony with the active habits of the lizard and also its fossonal 
mode of living both of which may demand better respiratory movements 
of the thoracic region 


Summary 

1 The heart of Riopa guentheri is situated slightly m front of the line 
joining the two axilla It is moderately elongated and bears a gubemaculum 
cordis 

2 The pulmonary artery gives off a tracheal artery as in some of the 
primitive lizards 

3 The ductus caroticus is larger than the carotid trunk in size, a feature 
which may be looked upon as being primitive 

4 The subclavian arteries anse at different levels and are veiy slender 
in correlation with the reduction in the size of the forelimbs 

5 The various arteries supplying the alimentary canal anse at different 
levels along the course of the dorsal aorta Of these artenes, the oesophageal 
and intestinal are double 

6 There are about 25-35 pairs of segmentally arranged parietal artenes 
arising from the dorsal aorta and supplying the dorsal musculature and 
the body wall 

7 The subclavian vein is a very thin vessel and opens into a conspi- 
cuously large azygos vem instead of opening mto the precaval vem This 
may also be correlated with the reduction in the size of the forelimbs 

8 The nght tracheal vem is larger than the left and there are no anas- 
tomoses between the two tracheal veins, a feature considered to be primitive 

^ "^* e venae renales revehentes are paired and arise between the 
kidney lobes There are three anastomoses between them at their posterior 
end Both are of equal calibre and contribute equally to the formation of 
the posterior vena cava 
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10. The caudal vein bifurcates into two venae renales advehens before 
entering the posterior ends of the kidneys. 

11 The circulatory system of Riopa guentheri shows some primitive 
features like the anterior position of the heart, large ductus caroticus, tracheal 
vein joining the base of the precaval vein, absence of anastomosis between 
the tracheal veins and the subclavian vein opening into the base of the large 
azygos instead of into the common jugular vein. 

12. The circulatory system of Riopa guentheri resembles those of Hemi- 
dactylus flaviviridis and Sphenodon punctatus. 
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Introduction 

Study of tie alimentary canal of fishes is of special interest since it exhibit 
a higher degree of variation than that of any other group f . Mrtebra, “, 
The teleosts particularly show a good deal of diversity in 1 
feeding habits and the correlation of food and feeding habits is o gr 
because pf this diversity. 

Several studies have been made to correlate the str, ucture of the 
alimentary mac, with fire feeding habit. « >_ 

" oSeCcanal^TSms g* (an omnivorous fish), 

Tilapia mossambica (a herbivorous fish) and * nal 

vorous fish). This paper presents a concise account of the alimentary 

of Mystus gulio and will be followed by other pap 

Material and Methods 

The investigation was confined l Stained. They 

forms because of the greater ease w th , en they were observed 

were kept in the laboratory for about t ree • preserve d material was 

with regard to their feeding ^nd^d fi/^ and saining techniques 
used for histological purposes. . St. 
were used throughout the investigation. 

Food, Feeding Habits and Gross Anatomy 

C i^ttf fnrtv fish were examined and found to 
The stomach contents of about forty^fi * and decaying ]eaV es were 

be mainly composed of Crustacea . 


Part of the thesis approved by the University of Madras for the M.Sc. degree. 
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also noticed In the laboratory they were fed on rice and earth worms These 
facts go to show that the fish is omnivorous though animal food predominates 


A few specimens of the fish were kept in the laboratory under observa- 

tion These were not supplied with any food for about two months unng 

this period they were found to feed on algae that had made their appearance 
on small stones kept in the water 

The animal is a bottom feeder, when food materials are supplied, the 
fish does not try to get hold of them as they descend from the surface of the 
water, unless they are starved The fish takes the food only after the lood 
material has settled down at the bottom, except on rare occasions According 
to Sarkar (1959) Mystus seenghala is a column feeder and piscivorous But 
this species Mystus guho should be considered as an omnivorous bottom 
feeder 


The several parts of the alimentary canal of the fish are the mouth, t e 
buccal cavity, the pharynx, the oesophagus, the stomach, the intestine an 
the rectum (Text Fig 1) The pyloric caeca are absent The mouth is 
inferior It is a crescentic slit Each jaw has a crescentic patch of teet 
medially within the bp margin The teeth are villiform and homodont 
There is also another crescentic patch, the vomenne patch, a little posterior 
to the maxillary crescent The maxillary valve is between the two patches 
There is also a U shaped mandibular valve 



The gill arches are of ^a^able length The first arch has an anterior 
row of well de\ eloped gill rakers, the posterior row being absent Th e 
same condition obtains in the second arch also except that the gill rakers 
are slightly shorter The gill rakers of the other two arches are reduced to 
small knobs The function of the gill rakers m this fish may be to protect 
the gill filaments from silt material and to some extent for filter feeding. Such 
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gill rakers liave been described by Al-Hussaini (1946) in Mulloides auri- 
flamma. 

Dorsally the pharynx has a pair of oval patches of teeth. Each one 
of these patches is carried on a rectangular whitish muscular region and can 
be moved for mincing the food. Between these oval patches there is a 
longitudinal depression. The median portion of the floor is raised into a 
ridge which fits into this depression. The posterior portion of this ridge 
includes the inferior pharyngeal bones of the last gill arches. The anterior 
parts of these inferior pharyngeal bones have narrow, elongated patches ot 
teeth. The dorsal patches work against the ventral patches. 

The function of the pharyngeal patches was observed in the laboratory. 
The mouth of the fish was kept open and with the help of a pair of pointed 
foreceps, a small bit of a worm was placed near the oval patches. Immediate y 
the patches began to move, obliterating the longitudinal depression between 
them and simultaneously the ventral pharyngeal patches were raised up and 
the food material was found to get pressed and swallowed. 

Al-Hussaini (1949) mentions that the degree of of * h " 

pharyngeal masticatory apparatus (horny pad, pharyngea ee ) 
relationship to the amount of plant food in the diet. But n tta fish 
bucea, teeth probably prevent U,c prey 

patches crush it before it is swallowed. The f ■■t b t not 

eated is shown by the stomach contents, as the prey is only injmed 1 tat mo 
masticated. The bulk of the food material in the stomach was found to have 

had no effects of mastication. 

The oesophagus is a little dorsoventrally 
ventrally by liver lobes The pneumahe uc ^ ;j differentiate d 

of the oesophagus. It leads on to the U P ventral 

into a ■ corpus • portion and a f ^“^“"rictio/separating the 
to the oesophagus. There is a well de P 

pyloric region from the duodenum. , ]n 

1 Tt measures only 6-5 cm. m a fish 10 cm. 

The intestine is not very long. It m Js no i nte stino-rectal 

in length. The duodenum is its wides P _ out through 

valve or external constriction to demarcate. The rectum P 

the anus situated in front of the anal fin. 

HiSt ° l ° Sy fPlate IX Fig. 1). The mucosa 

The lip consists of mucosa and submucosa (P ^ epithc lium 

is made of stratified epithelium and asem 
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has many layers of cells which are of different shapes in different places 
Taste buds are present, which are flask shaped Each measures about 45 n 
in length and 30 n in thickness The taste bud has its basal side concave 
and the other sides convex and encloses a few elongated cells The presence 
of taste buds indicates that the fish is able to sense the nature of the foo 
before swallowing The well developed gustatory faculty can be correlate 
with the bottom feeding habit According to A1 Hussaim (1949), the 
abundance of taste buds is rather to be correlated with the way in which the 
fish secures its food than with its nature” 

The buccal cavity has the mucosa (consisting of mucous epithelium, 
the basement membrane and stratum compactum) the submucosa and muscu- 
laris (Plate IX, Figs 2 and 3) The mucous epithelium is stratified consisting 
of 6 to 10 layers of cells, of which only the peripheral two or three layers an 
basal two or three layers are continuous The middle region has cells which 
have been described as conspicuous cells or club cells or giant cells They 
are seen arranged in a row in section They are fairly numerous, particularly 
on the sides The club cells m Macrones vittatus are few and in Sacco 
bronchus fossihs scattered (Vanajakshi, 1938) While in Rita nta they are 
arranged m rows (Islam, 1951) The club cells are generally polygonal or 
oval Each cell has a large nucleus with conspicuous chromatin network 
The cells occupy three fourths of the space between the surface of the epithe- 
lium and the basement membrane The epithelium has a few mucous cells 
which are spherical or oval Their nuclei are situated basally on the concave 
surface There are numerous taste buds They are rare m Macrones 
vittatus (Vanajakshi, 1938) and few m Mystus seenghala (Sarkar, 1959) 
They are found over the papillary out pushing* of the submucosa into the 
epithelium The stratum compactum is found just below the epithelium 
In the middle region, it is thicker, being as broad as the stratified epithelium 
The submucosa is made up of connective tissue .fibres and is areolar In 
the posterior region of the buccal cavity where musculature is noticed the 
submucosa is a thin layer The roof of the posterior buccal cavity has muscu 
Iature The floor shows no musculature Even in the roof the musculature 
is confined to two areas on each side of the midfloor of the cranium. 

As already stated there are two oral valves They are composed of 
dorsal and ventral mucosae with a submuco*a between (Plate IX, Fig 4) 
They have a number of taste buds 

The pharynx can be distinguished into an anterior, a middle and a 
postenor region Vanajakshi (1938) has divided the pharynx of M vittatus 
into anterior and postenor regions Histologically the anterior region 
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resembles more the buccal region (Plate IX, Fig. 5). The roof of the anterior 
pharynx has two projections on the sides which are prominent and turned 
towards the interior. They are mostly made of stratified epithelium and 
have a number of taste-buds. Their significance is not clear (Plate IX, Fig. 6). 

The middle pharynx has low folds (Plate IX, Fig. 7). It consists of more 
layers of cells. There are numerous mucous cells (Plate IX, Fig. 8). Club 
cells are few in number, except on the sides. There appears to be a negative 
relation between the number of club cells and that of mucous cells. In the 
middle region where mucous cells are numerous, the club cells are few and 
on the sides where the club cells are numerous, the mucous cells are few. 
Further, the positions of mucous cells in the regions where they are numerous 
correspond to those of club cells in other regions where they are numerous. 
It is also noticed that a few club cells are in the process of getting converted 
into mucous cells. Taste-buds are abundant. Their presence in this region 
must be concerned with the more active role of the region in feeding. The 
stratum compactum is found only on the sides. A layer of circular muscle 
fibres, a layer of longitudinal muscle fibres and a few oblique muscle fibres 
are also noticed. They are all striated. 

The posterior pharynx has a striking resemblance to the anterior 
oesophagus and differs considerably from the anterior and middle regions 
of the pharynx. At the summit of each mucosal fold there are a few goblet 
cells in the stratified epithelium. The mucous secreting cells are larger and 
attain the maximum development in this region (Plate IX, Fig. 9). Such an 
abundance of mucous cells has been noticed by Dawes (1929) in Plewonectes 
and by Al-Hussaini (1947) in Atherina and also by a number of other workers. 
The taste-buds are fewer in number. The submucosa is very broad and is 
not distinguishable from the lamina propria. The muscularis consists of 
an outer layer of circular muscle fibres and inner groups of longitudinal fibres 
found in the meshes of the submucosa (Plate IX, Fig. 10). A few oblique 
muscle fibres are also present. All the muscle fibres are striated. 

The oesophagus lies partly outside and partly inside the body cavity. 
The former portion consists of four layers, mucosa, lamina propria, sub- 
mucosa and muscularis, the hinder portion consisting of an additional serous 
layer. The longitudinal folds of the pharynx become strikingly deeper. 
There are 12 to 16 primary folds. Some of the folds are thrown into secondary 
folds, increasing the surface of the mucosa (Plate IX, Fig. 12). 

The edges of the mucosal folds of the anterior oesophagus have stratified 
epithelium, the sides having one or two layers of columnar epit e a ce 
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which are mostly mucous producmg There are a few goblet cells occurnng 
at the tips of the folds (Plate IX, Figs 11 and 13) A few taste buds are noticed 
m the anterior oesophagus but none in the posterior oesophagus (Plate ia. 
Fig 13) They are absent m Mystus seenghata (Sarkar, 1959) Curre/ 
has found them m the anterior region of the oesophagus, while many others 
have noted their complete absence The mucosa of the posterior oesophagus 
has a single layer of columnar cells (Plate IX, Fig 13) The cells measure 
about 53 ft by 11/* Goblet cells are found at the crests of the mucosal 
folds Currey (1939) found a top plate covering the columnar cells ItM* 
not been seen here Club cells are also noticed in this region (Plate IX, Fig 13) 
Nothing is mentioned about club cells m Macrones vi ttatus There is a base- 
ment membrane The lamina propria consists of loose connective tissue 
fibres It is highly vascular The submucosa lies next to the lamina propria 
The musculans consists of an outer circular and an inner longitudinal layer, 
both of them formed of striated muscle fibres The longitudinal muse e 
fibres are present m the meshes of submucosa The serosa is thick and t e 
cells are not clearly seen 


The passmg of the oesophagus into the stomach can be recognize 
distinctly by histological features There is an oblique line of demarcation 
between the two made of connective tissue (Plate IX, Fig 14) The deep 
arborizing folds of the oesophagus pass into low ones, having columnar 
epithelium with fan shaped apical cells Along with this change the gastric 
glands appear and soon become numerous Striated fibres of circular 
muscles and longitudinal bundles are also noticed Therefore, the term 
“ oesogaster ” can be used to refer to this transitional region 


The stomach has 8 to 10 gastric folds (Plate IX, Fig 15) The thickness 
of the gastric epithelium (mucous epithelium) vanes in different regions ot 
stomach, depending on the degree of development of the gastric glands 
Usually in the case of U shaped stomach it is common to divide it into two, 
the ‘ corpus ’ and pyloric regions Generally, the gastric glands are present 
in the former and absent m the latter 


The ‘ corpus ’ or body of stomach consists of mucosa (superficial epi- 
thelium and glandular epithelium), lamina propria, submucosa, musculans 
and serosa The superficial epithelium of the mucosa is made up of columnar 
cells and has numerous crypts The cells are closely arranged They are 
columnar and trumpet shaped being slender at the base and broader at the 
free surface, measuring about 7 p at the free end and about 30 p in length 
Many of the cells are gracefully curved The cells at the bottom of the crypts 
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are shorter and assume cylindrical form. The nucleus is situated at the 
basal third of the cell. 


With Mallory’s stain the reaction of the cells is striking. The peripheral 
part of the cells stains slightly blue, while the narrow basal region stains 
slightly red, the nucleus staining deep. Besides, the peripheral part of the 
cell exhibits a reticulate appearance and shows a faintly purple reaction with 
thionin, indicating the presence of mucus. 

The glandular epithelium consists of numerous elongated tubular glands 
opening into the gastric crypts. The glands are compactly arranged with 
thin extensions of lamina propria between them. This serves to bin t e 
glands together. The gastric glands which are packed in bundles are similar 
in details except in length. They are simple and tubular with one en in 
and the other open, the latter opening into the crypt (Plate IX, Fig. 18). 

Each gland consists of a number of cells arranged round a tubular lumen. 
In a cross-section the cells appear polygonal and have central nuc ei wmci 
are spherical. There are granular bodies in all the ce s. e 

are alike, not dilferenciated into oxyntic and peptic as in mammas 
condition has been reported in all the fishes. Probably t e S rana 
found here are zymin-producing ones, the granules being zymogen gr 
No differentiation of neck-cells was observed. 

The lamina propria is a connective tissue consisting of fibres 
of a network. These fibres extend into the spaces between gas 
Blood vessels also enter along with this connective tissue. entire 

propria serves a threefold purpose, binding the glan s, suppo , tissue, 
glandular tissue and carrying the blood capillaries into e cu j ar i s 

The submucosa is built of an areolar connective tissue. g ot j 1 

consists of an inner circular layer and an outer ongi u . t ^at 

consist of unstriated muscle fibres. The serosa is much thicker than 

of the oesophageal wall. 

The pyloric stomach differs ince ^ aia ^ sp ^' Jcutef muscfe layer is 
absent and the muscularis is much thicker. The region 

considerably thicker measuring about 275 /x ( a e _ > ' , ^jch form 

just anterior .to the pyloric valve has very thtek c, route „ the 

the pyloric sphincter. .The pyloric valve * P" £ ^ J ve is ,„. 

pylorus ends and. the duodenum begins (Pla > ° , . • to the lumen 

the form of a few flaps (Plate IX, -Fig. 16) and out ““ “ 0 r part 

of the duodenum. The lamina propria rs thick “ f „Son e>me...flap.' 
of Jhejlap.. ...The. circulammuscles .take. part.m..the. formatton ot 

B3 
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A transverse section passing through, this region shows the presence of a 
narrow layer of circular muscles which are helpful in the closure of the pylorus 

The intestine has the same structure throughout, varying m minor details 
like the number and shape of the cells in the epithelium and the thickness 
of the musculature The intestine consists histologically, of mucosa, lamina 
propria, submucosa, musculans and serosa (Plate IX, Fig 19) The mucosa 
is thrown into a number of folds, longitudinal and transverse, giving a comp • 
cated reticulate appearance The mucosa is simple Only two type of cells 
are found, the columnar and the goblet cells (Plate IX, Fig. 20) The columnar 
cells form the major part of the epithelium They are long and slender, 
tapering towards the base The nucleus is large Its presence always causes 
a bulging of the cell outline The swollen portions of the neighbouring ce 
interlock serving to strengthen the epithelium There is a top plate The 
goblet cells are found scattered There are a number of leucocytes and a 
few granular cells in the epithelium 

The rectum can be recognized due to its thicker musculature (Plate IX 
Fig 21) There is no intestmo rectal valve The folds of the rectum are 
not as tall as those of the intestine The circular muscles are a characteristic 
feature of the rectum, being about thrice as thick as the longitudinal layer 

Discussion 

The present investigation based on stomach contents shows that Mystus 
guho, though it takes in more animal food, is omnivorous According to 
A1 Hussaim (1947) there are certain features which are well adapted to the 
modes of feeding and the kinds of diet In M guho the mouth is inferior 
and not protrusible and it is mostly a bottom feeder There are jaw-teeth 
and pharyngeal teeth patches, as the fish takes in a mixed diet The gdl 
rakers are well developed on the first two gill arches Probably there is 
filter-feeding to some extent The alimentary canal is short as the bulk of 
the food consists of ammals 

According to A1 Hussaim (1949), “ the histology of the teleostean ” 
intestine is one of the simplest among vertebrates The present investigation 
confirms this view The taste buds are common structures They are present 
m the bps, buccal cavity, the pharynx and the anterior oesophagus The 
pharynx has the largest number of taste buds The abundance of taste-buds 
has been correlated with the way in which the fish secures its food rather 
than to its nature Accordingly there is a well-developed gastatory faculty 
m this fish It is expected to be so, as the fish has to select its food from the 
bottom The presence of numerous mucous cells is a common feature » 
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they are saccular or spherical. As mentioned by Barrington (1957), the 
buccal cavity and pharynx with mucous cells and taste-buds are concerned in 
the seizure, control and probably selection of food. The stratified epithelium 
of the buccal cavity is supported by a stratum compactum. It is as thick 
as the stratified epithelium except anteriorly, where it is absent. The muscu- 
lature consists of circular and longitudinal fibers, the latter being in bundles 
in the sub-epithelial connective tissue. They are not continuous and there- 
fore not in a definite layer as circular. 

The mucosal folds of the oesophagus are much more branched than 
in the pharynx. The anterior part shows stratified epithelium which is 
gradually replaced towards the posterior by columnar epithelium. Taste- 
buds occur in the anterior part. The muscularis consists of an outer circular 
and an inner longitudinal layer. However, the longitudinal muscles do 
not form a continuous thick layer throughout. Currey ( ) oun 0 
tudinal bundles outside the circular in the carp. Dawes 0929) i also found 
the same arrangement. Hence there appears to be no e or 
succession of these muscle layers in oesophagus. 

Some fish are mentioned as stomachless (Barrington, 1957). ' 

don appears to be unrelated to the nature of the diet of fishes. Sl "“ a " toma 
is present in most fishes, the absenee of the structure may a 

M gulio the stomach is U-shaped. The gastrtc glands are Pr^ntonfem 
the • corpus • region. The gastric glands are not differentiated into 

oxyntic and peptic. The pyloric part has thicker musculature and no gastr 

glands. 

The intestine is short, as pointed out already. There arctafi mucosa^ 

folds which have mostly columnar cells and some g ^ ^ ^ rechim 

no agreement among the authors in respect o thicker musculature 

or its histological character. InM. gulio the rectum has thicker musculat 

and a large number of goblet cells. 

Summary 

The anatomy and histology of the alimentary cand ^been ^ 

The mouth is inferior and the fish is mos y a o budg are pre sent 
and pharyngeal teeth patches are well deve cp- • -p] ie pharynx 

in the lips, buccal cavity, pharynx ologa^er ’ 

is divisible into three regions. A transitiona « present only 

is present. The stomach is U-shaped od ^ jnt0 

.in the ‘corpus’ part. There is -no diff . . thicker musculature. A 
oxyntic and peptic cells. The pyloric stomach has tlucker mus 
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pyloric valve is present. The intestine is short; the mucosa has only 
two kinds of cells, columnar and goblet cells. The rectum has thicker muscu- 
lature and a large number of goblet cells. 
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Explanation of Plate IX 

Fig 1. T.S. of bp 

Figs. 2. and 3 T S. of Buccal membrane. 

Fig 4. T S of maxillary oral valve 
^ 7"-S of Anterior pharynx. 

Fig. 6. L.S. of pharyngeal projection. 

Fro. 7^ T.S. of Middle pharynx. 
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Fig. 8. T.S. of Middle pharynx (part enlarged). 

Figs. 9 and 10. T.S. of Posterior pharynx. 

Fig. 11. T.S. of Anterior oesophagus (part enlarged). 

Fo. 11 T.S. of Oesophagus. 

Fig. 13. T.S. of posterior oesophagus (part enlarged). 

Fig. 14. L.S. of Oesogaster. 

Fig. 15. T.S. of ‘Corpus’. 

Fig. 16. L.S. of Pylorus. 

Fig. 17. T.S. of Pyloric stomach. 

Fig. 18. T.S. of ‘Corpus’ (part enlarged). 

Fig. 19. T.S. of Intestine. 

Fig. 20. T.S. of Intestine (part enlarged). 

Fig. 21. T.S. of Rectum. 
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line; oe., oesophagus; p.p., papillary projection; pr. t P roje j*“®| 'Jrf-'st.e. stratified epithelium ; 
pyloric valve; rec., rectum; s.m., submucosa; st.c., stratum comp ’ ’’ 

st. ml., striated muscle layer; t., teeth; t.b., taste-bud; v.m., ven mucos . 
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Introduction 

The calc-granulites are one of the interesting members of the Khondahte 
senes and are found in association with the manganese ores of Snkakuiam 
Distnct The typical occurrences are in Ganvidi, Koduru, Devada, Duvvani* 
Jadavan, Gadabavalasa and Ramabhadrapuram (see Fig 1) TblS 
communication deals particularly with the mineralogy of these rocks 

Mode of Occurrence 

The calc-granulites represent the calcareous members of the Khondalite 
senes and are conformable with the associated quartz garnet silhmani e 
graphite gneisses, quartzites, or manganese ores They occur at the bottom 
of the sequence m the form of disconnected beds striking N E S W Tn e 
granuhtes are folded all along Koduru Deveda Duwam — a belt about 6 km 
long The folds pitch 4° in NE direction 

Where there is intense folding and distortion as in Devada the calc- 
, granuhtes are streaked with felsic material and resemble streaky gneisses 
These streaks are not always uniform m size or shape, sometimes they are 
3 to 10 cm long and are found in oval or round forms 

There is a general lithological variation in these rocks, namely calcareous 
in Koduru and magnesian m Devada, represented by abundance of calcite 
and diopside respectively 

The calc granuhtes are banded, the thickness of each band varying from 
5 to 20 cm The calc-granulites near Devada consist of garnet, diopside 
and calcite bands which alternate with quartz and feldspar 

Mineralogical Composition and Textural Features 

The calc-granulites consist of calcite, wollastomte, diopside, garnet 
(probably grossulante), quartz, scapohte, orthoclase, microcline and albitc, 
222 
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Fig. 1. Location of the calc-granulites in Koduru Area, Srikakulam D 

Apatite, sphene, muscovite, pyrite, serpentine, biotite and c on the 

in minor amounts. The following groupmg o 
important minerals and textures: 

(1) Quartz-rich varieties which are mainly gneisses to granuhtes. 
quartz is porphyroblastic. 

and if quartz is also in 

(2) Calcite-rich varieties with gneissic tex e, predominant, 

equal proportion to the calotte, the granuhte texture is more p 
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(3) The diopside nch vaneties with bands each comprising either wolla 
stomte or garnet or scapohte or calcite These are medium grained and 
granuhtic 

(4) The feldspar-rich varieties in which the granuhte texture is 
predominant 

Table I gives the modal composition of the calc-granulites in the area 
, Table I 


Modal composition of calc-granulites 


Minerals 

1 

2 

3 

4 

5 

Garnet 

4 79 


10 90 



Quartz 


27 99 




Orthoclase 

10 00 

40 71 


2 90 

25 82 

Microchne 



28 90 


- 

Diopside 

13 58 


4 89 


17 30 

Plagioclase 

4 42 




• • 

Scapohte 

24 98 

20 70 

26 88 


2 87 

Wollastonite 

18 20 




5 90 

Calcitc 

9 78 

10 60 

18 77 

95 00 

40 72 

Sphene 

2 70 


5 26 


4 17 

Apatite 

1 55 


4 40 

2 10 

2-69 


J From hillock near Ganvidi Railway Station, Koduru. 

2. From Koduru. Contact 2 one with intrusive (granite) 

3 From Koduru mine. Contact with manganese ore. 

4 Bore-hole sample from Koduru mice (60 m deep from ground levcD 

5 From Alldconda, south of Cbintalav alasa. 

The descnption of the constituent minerals is as follows 

^ lte ,s m l ^ e sections and shows albite twinning. It is rarely 

rgrown with quartz Small grams of diopside, sphene and apatite occur 
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as inclusions. Apatite occurs as needle-like inclusions which are arranged 
in parallel rows. 


2 V 2 = 76° to 91°: The anorthite content (Wahlstrom, 1955, p. 118) 
ranges from 2-20% ; this indicates a low temperature of formation for such 
albite (Troger, 1959). 


Apatite in idiomorphic forms occurs in quartz : as small oval grains in 
wollastonite, scapolite, calcite and diopside. It is also found in the inter- 
granular spaces of quartz or in association with scapolite, diopside or sphene , 
innumerable needles of apatite are found also in orthoclase, albite and 
microcline. 

Two generations of apatite could be distinguished ; an idiomorphic 
early form of minute prisms and a later one of oval grains. 


An interesting observation is the apatite-calcite association where the 
calcite has transformed to apatite along the borders. 

Calcite, if abundant in the rock, is usually in the form of porphyroblasts ; 
if diopside is abundant, the calcite is found segregated. 

Calcite appears as filling material in cracks of the quartz. Rarely ovd 
grains of apatite are seen as inclusions. Microscopic mclusmns which could 
not be identified are distributed along the grain boun ary o 
sometimes plates of rutile are found parallel to the cleavages. 

The calcite shows ferruginous and chloritic material along cleavages. 
Part of the calcite is scapolitised. 

The Potash feldspars consist of orthoclase and microcline which are 
granoblastic. _ 

Some of the potash feldspars contain acicular inclusions of apatite c^ 
are arranged in parallel rows. Microcline shows imperfe P 

cross-hatched twinning. 

Carlsbad twinning in orthoclase is rarely found. 


• 2 V x = 46° to 80° ... 

. This variation in the optic axml ^^^^^^eklvefght percentage 
varies from Or 50 Ab 4S . 5 An 3 , 5 to Or s5 Ab 14 i 

(Wahlstrom, 1955, p. 102). and 

The Quartz is porphyroblastic in medium to coarse grai 
in the finer, it is granoblastic. 
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Quartz shows biaxial positive character The optic axial angle vanes 
from 4° to 17° This biaxial nature of quartz is not an uncommon feature 
according to Freund (1955, p 122) This feature has been accounted as 
due to directional pressure phenomena at high temperature (Ramberg, 1958, 
p 158, Schuller, 1948) 

Scapohte occurs m the form of calcite sometimes preserving the cleavage 
and can be described as pseudomorph Scapohte also occurs as segregations 
when it contains mclusions of calcite, apatite and diopside 

Scapohte shows high birefringence , like the quartz it is biaxial 
2 V* =5° to 16° 

Sphene occurs as oval grains in association with diopside, wollastonite 
and scapohte The sphene is rimmed by quartz 2 V* = 24° , this suggests 
that the composition is pure calcium-titanium oxide without rare earths 
Troger (p 46) groups such a sphene as titamte with insignificant impurities 
of less than 1% of alumina and iron oxides As has already been stated 
this is secondary from calcareous material and later than the granuhte 
formation 

Wollastonite is elongated, sometimes platy and fibrous Rarely twins 
are present (100 plane) The optic axial angle (2 V x ) varies from 32° to 52°, 
and the extinction on trace of b -axis varies from 0° to 7° 

The composition read from the optical characters is (Ca, Fe, Mn, Mg) 
SiO a according to Wahlstrom (p 184) The variation suggests that it is 
bustamite 


Paragenesis of Calc-Granulites 

The calc granuhtes of Snkakulam District represent regionally meta- 
morphosed impure calcareous sediments 

The mmeralogical and textural studies indicate that diopside, calcite 
and quartz were formed m the granulite facies and that subsequently 
calcite was transformed into scapohte, sphene and apatite 

Since scapohte and quartz show similar anomalous biaxial behaviour 
it is suggested that subsequent to their formation they have been affected 
by directed pressure 

The granitic rocks which bear a discordant relationship to the calc- 
granuhtes of this area are found to be almost free from the effects of directed 

vn th/cal^nutas™ “ maJ ° r met3mM P h *c effects ty ,he S 13 ”" 5 rocks 
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Summary 

The calc-granulites from Srikakulam District with particular reference 
to their field and mineral characters are described. Calcite, diopside, 
and quartz belong to the granulite facies while sphene, scapolite and apatite 
have been formed by the transformation of calcite during regional meta- 
morphism. 
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Introduction 

The present paper is the fourth m a senes of studies on the structure, distri- 
bution and ontogeny of sclereids m some conifers Our observations on 
Taxodium distichum (Rao and Tewan, 1960), Cryptomeria japontca (Rao and 
Malaviya, 1963) and Araucaria spp (Rao and Malaviya, m press) have 
already appeared in press The present paper deals with the peculiar, un- 
branched, vanously shaped brachy and osteosclereids occurring m the stem 
and reproductive organs of Ccphalotaxus drupacea Sieb et Zuc C So far 
as v.e are aware, the occurrence of these sclereids much less their ontogeny 
has not jet been reported Hardev Singh (1961), however, makes a passing 
reference to the sclereids in the seedcoats of Cephalotaxus drupacea, as just 
thick walled pitted cells m the hypodermal region Seward (1919) who was 
one of the earliest to record the presence of thick-walled idioblasts in some 
conifers also did not make any specific reference to these sclereids in Cephalo 
taxus It is likely that these sclereids have been missed by earlier workers 
as they are few in number and make their appearance after a fairly late stage 
m the development of the plant, after the secondary activity has started 

Material and Methods 

The material investigated was taken from the departmental collection 
Foster’s technique (1946) was used for clearing The seeds were very hard 
so after removing the outer fleshy layer, they had to be kept in concentrated 
nitric acid for some time to be softened Orange G in clove oil gave very 
good results while staining the younger parts for ontogeny, otherwise safrawn- 
light green combination was used Sections were cut at a thickness of 1(M5 p 

Distribution of sclereids 

The sclereids are totally absent in the leaves They are, however, present 
though in small numbers in the stem. They appear, as has already been 



The Peculiar Sctereids of Cephalotaxus drupacea Sieb. et Zuc. C. 229. 

stated, after secondary activity of the stem starts, and when the secondary 
phloem has differentiated. The sclereids occur mostly near the leaf traces 
in the cortex, and in the pith near the solitary central resin canal (Fig. 1 and 
Photo 1). They seem to have thus a rather localised distribution. 

In the male cone, the sclereids occur in larger numbers as compared to 
the stem. They occur in the two sterile sporophylls at the basal region of the 
cone and also in the cone-axis (Fig. 2). They are absent in the fertile sporo- 
phylls. 

The female reproductive organ which is represented by one or two 
ovules in the axil of the leaf also shows greater number of sclereids in the 
outer fleshy layer of the seed (Figs. 3 and 4 and Photo 3). The sclereids occur 
throughout the thickness of the integument but are concentrated in the hypo- 
dermal layers. They become rather scarce in number towards the inner 
parenchymatous layer. 


Structure of the adult sclereids 


There can be distinguished mainly two types of sclereids in the genus 
Cephalotaxus. One type includes unbranched sclereids occurring more 
frequently in the cone-axis and sporophylls and less frequently in the stem 
(Figs. 5-10). these can be classed with the osteosclereids of Tschirch (1889) 
and Foster (1949). They have a narrow lumen and the ends of the sclereids 
are either very much elongated (Fig. 6) or are occasionally bifurcated (Figs. 7 
and 10). The other type includes rounded or variously lobed sclereids with 
a broad or narrow l um en (Figs. 11-15). The sclereids found in the seedcoat 
belong to the second category. They are larger in size, have thinner walls, 
and a broad lumen (Figs. 16-17). They can be classed with the brachysclereids 
of Tschirch (1889) and Foster (1949) or “ spheroidal sclereids ” of Rao, T. A. 
(1957). 


The secondary wall of the adult sclereid is very thick, lignified, lamellated, 
and is traversed by numerous unbranched (Fig. 18) or branched pit cana s 
(Figs. 19-20 and Photo 2). The pit apertures are either elongated and snt- 
like (Fig. 18) or are more or less rounded (Fig. 20). The adult sclereid is 
devoid of any protoplasmic contents in the lumen at maturity. 1C . niic ,^ r 
even though retained till a late stage of development, disappears ultima y 
in very old sclereids. 


One curious feature of all the types of sclereids seen in 
drupacea is that in fully developed sclereids, small, pointed or bIui \ p 
cover the wall (Figs. 8, 9 and 13). A careful study shows that th. _ . . 
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gences which generally number 3-5 for each sclereid are different from the 
lamellated wall and do not seem to be lignin as they do not answer to any 
lignin test. They appear to be the protoplasts of the original sclereid initial 
which have been cornered by the successive lignin layers (Fig. 21 and Photo 4). 
These localised original protoplast deposits, however, abut on the lamellated 
secondary wall and give an impression of being emergences. This is sub- 
stantiated by these emergences like deposits taking a protoplast stain-like 
light green. They are not seen in all sclereids. These bulges also do not 
seem to be all in one plane. 

Ontogeny of sclereids in the stem 

The bracliysclereids as well as osteosclereids of the stem, develop from 
a parenchymatous initial. This initial is seen in fully mature plants, when 
a few phloem fibres have already been cut off by the active cambium in the 
stem. A parenchyma cell in the cortical region forms the sclereid initial 
and this is recognisable by the presence of a distinct nucleus with a nucleolus, 
and very dense granular protoplasmic contents which are devoid of any 
vacuoles, and which occupy the entire lumen (Fig. 22). This initial does 
not undergo many changes. It just increases in size, without much change 
in the outline (Fig. 23) and very soon a secondary wall is laid down (Fig. 24). 
In other cases the increase in size is accompanied by slight protrusions of 
the primary wall (Fig. 25). Here also in the very next stage the protoplast 
starts the deposition of the secondary wall (Fig. 26). Gradually the lignin 
deposition increases, and the young sclereid becomes conspicuous against 
the surrounding parenchymatous background. The thickness of the secon- 
dary wall goes on increasing and the lumen is decreased (Figs. 27-29). In 
younger stages the wall does not show any lamellations but subsequently 
lignin is deposited in layers and the older sclereid shows a highly lamellated 
secondary wall. Pit-canals become prominent in the wall at about this stage 
(Fig. 29). 

As stated already, in some of these sclereids while lignin is being depo- 
sited, some of the portions of the cell protoplast are cornered. They are 
pushed to a side and remain attached to the lignin deposits and are seen as 
emergences on the mature sclereid (Figs. 30 and 31). This has already been 
discussed above. 

The sclereid initials in the pith may either differentiate near the solitary 
central resin canal (Fig. 32) or sometimes near the secondary xylem. The 
initial in the pith is of smaller size than that of the cortex. The nucleus 
does not have a very prominent nucleolus. The initial in other respects 
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resembles the initial in the cortex. There is an increase in size of the sclereid 
initial (Fig. 33) and the contents occupy the entire lumen. The secondary 
wall formation seems to be more clear in the sclereids of the pith region. 
Figure 34 seems to explain more clearly the development of the secondary 
wall. At this stage the protoplast assumes towards the periphery a dense 
granular appearance. It seems that this is the lignin, probably being secreted 
by the protoplast, and depositing itself on the outer limits of the protoplast 
and not on the primary wall which is quite removed from this. This is 
supported by lignin tests when the deposit takes up a dark red stain. 
Gradually, the primary wall disappears and the subsequent deposition of 
lignin builds up a thick secondary wall (Figs. 35 and 36). Our observations 
have shown that the secondary wall is not deposited directly on the primary 
wall but that it manifests itself from out of the protoplast at its periphery 
and later on thickens. This has been found in Araucaria sp. also (Rao and 
Malaviya, in press). Due to the thickness of this secondary wall the lumen 
is reduced to a very small structure (Figs. 36 and 38). Pit canals appear in 
the secondary wall. The sclereids in the region of the pith are very rarely 
lobed or ridged (Figs. 27 and 29). They more or less have a rounded or 
oval outline (Figs. 37 and 38). 

The osteosclereids are more commonly found in the cone, although 
few brachysclereids may also develop here. The initial first appears in a 
sterile sporophyll slightly away from the epidermis (Fig. 39). There is a 
general increase in size (Figs. 40-41) accompanied by secondary wall forma- 
tion (Fig. 42). Very soon the deposition of lignin starts and it increases 
gradually (Figs. 43-44), The nucleus has already disappeared by now. Some- 
times one end of the sclereid becomes very narrow and meristematic (Fig. 45). 
The protoplasmic contents accumulate here and it invades through the 
surrounding tissue. Soon the sclereid becomes very long and the secondary 
wall becomes distinctly lamellated (Fig. 46). Occasionally in the cone region, 
the contents of the sclereid become discontinuous due to partial disorganization 
and gives the impression of small vacuoles in the lumen (Fig. 47), but ultimately 
however the entire contents disappear. The osteosclereids are not very highly 
elongated in the cones of Cephalotaxus as they are in the cones and leaves 
of Araucaria (Rao and Malaviya, in press). The brachysclereids are few 
here and their mode of development is exactly similar to those found in the 
stem. 

In the seed the sclereids are found only in the seedcoat. They are 
brachysclereids and develop either from a hypodermal cell or from a paren- 
chyma cell of the integument (Fig. 4). Their development ig the same a§ 
that of the biachysclereids of the Slept digcusged above, 
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Discussion 

An anatomical study of the fertile and sterile parts of Cephalotaxus 
drupacea\ las shown the occurrence in these parts, of peculiar, various y s ape 
unbranched brachj sclereids and osteosclereids A very peculiar feature o 
these sclereids is the presence of small, pointed or blunt projections ov 
the secondary wall at certain places These emergences judged y s inin 
technique show that they are different from the lignin deposits of the secon a 
wall They are here interpreted as part of the original cell protop as s, 
which have been cornered during the hgmfication process t is a so 
possible that the process of lignification remains incomplete an 
the accumulation of the original protoplasts which have become dea an 
solidified into different shapes So far as we are aware, this kind of emergenc 
has not been reported before While discussing the distribution of sc ‘ erei s ' 
Araucaria (Rao and Malaviya, in press) it was stated that the form o 
sclereid, to some extent was partly influenced by the surrounding > ssu 
In the microsporophyll stalks where only elongated cells occur, the sc ere 
which after all is only a modified parenchyma cell can afford to elonga e 
the same plane in which the other cells of the stalk elongate Thus elonga 
osteosclereids with blunt ends or with b furcated ends occur abundant y 1 
the microsporophyll stalks We find that the same distribution and exp a 
nation for it also holds good in Cephalotaxus As in Araucaria (Rao an 
Malaviya loc cit ) so also in Cephalotaxus mostly lobed brachysclereids are 
found in the pith region, of the stem, where the parenchyma is compac y 
packed On the other hand, in the cortex where the cortical cells are more 
loosely arranged with intercellular spaces, the sclereid initial can elonga e 
into these and hence a few osteosclereids are produced Although m • e 
stem, both the brachy and osteosclereids are found, the brachysclerei s 
dominate and in cones the osteosclereids are produced m larger numbers 
It thus appears that the form of the sclereid is influenced by the surrounding 
tissue, and the nature of the organ in which they develop As already stated, 
there are no sclereids at all m the leaf 

Summary 

Peculiar, variously shaped osteo and brachysclereids occur in small 
numbers in the stem male cones and seed integument of Cephalotaxus 
drupacea Sieb et Zuc C The distribution of these sclereids is rather 
localised in the stem and diffuse in the cones A very curious feature o 
these sclereids is the presence of small, pointed or blunt emergences of the 
pnginal cell protoplast, on the secondary wall These are supposed to b? 
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the magnified portions of the original protoplast, which have been cornered 
during the process of lignification. Both the types of sclereids develop 
from a parenchymatous initial. The ultimate form depends on the nature 
of the surrounding tissue and the organ in which they develop., 
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Explanation of Figure 

Fros. 1-26. Fig. 1. A transverse section of an old stem showing the sclereid distribution, X2S. 
Fig. 2. A longitudinal section of a male cone showing the basal region wi nw the 

Fig- 3. A longitudinal section of the seed, X28. Fig. 4. A part of above magmfied tor show tbc 
detailed structure, x40-4. Figs. 5-10. Various forms of osteos sclereuR x64 FfrU U. 

Various forms of brachysclereids, x 64. Figs. 18-20. Macerate ^ re ‘ . ^ r ot 0 plasmic 

detailed structure, x 144. Fig. 21. A macerated sclereid magnified to _ show ^the protopl asms 
processes, X144. Figs. 22-26. The ontogenetic development of brachysclereid in the stem, 
X140, 
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ca , cose a*«, gt , ground tissue, h , bypodcrro, / , sclereid initial, I-, lumen. It , leaf trace, 
p , pits, pc , pit-canals, pf, phloem fibres, pp , protoplasmic process, r , resin-canal, s , stcnle 
sporophyll, scl sclereid, sp , secondary phloem , sx , secondary xylem 

Figs. 27-47 Figs 27-29 The later stages in the ontogeny of brachyselercid, X140 
Figs. 30-31 The protoplasmic processes are being formed, x 140 Figs 32-33 The ontogeny 
of sclereids in the pith region of the stem, xl40 Fig. 34 A stage showing the beginning o 1 
formation of the secondary wall Fig 35-38 Advanced stages in the ontogeny of sclereid in 
the pith, xl40 Figs 39-42. Development of an osteosclereid in the cone, X140 Figs. 43-44- 
Stages after the lignification has set in, x 140 Fig 45 A developing sclereid showing one portion 
or it elongating, x 140 Fig. 46 The protoplasmic processes arc formed in an osteosclemd 
X 140 Fig 47 In a later stage of development the protoplast giving an impression of vacuoles, 
xl40 

i , sclereid initial , / , lumen , j it , nucleus , p , pits , pc , pit-canals , pp , protoplasmic pro- 
cesses, pt„ protoplast, r., resin-canal, sw, secondary wall 


Explanation of Plate X 

Photo 1 A portion of a transection of an old stem showing the sclereids in the pith region, xlll 3- 
Photo 2. A macerated sclereid with famellated wall traversed by pit-canals, X143 
Photo 3 A part of a longitudinal section of a setdeoat showing the sclereids, x615 
Photo 4 A macerated sclereid with protoplasmic proce scs, x498 

pc^ pit-canals , pp , protoplasmic processes, r , resin -canal, scl sclereid 
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Introduction 

Euryale of the Nymphaeaceae combines interesting morphological and embryo- 
logical features — primitive as well as advanced. Cook (1902, 1906, 1909) 
described the embryo-sac and embryo in a number of members of the 
Nymphaeaceae. Schnarf (1931) has reviewed the earlier embryological 
literature on the family, while Johansen (1950) has summarised the data on 
its embryogeny. Recently, Leinfellner (1956 a, b) and Moseley (1958) have 
described the structure of the stamens and its significance in the taxonomy 
and phylogeny of the family. However, no work has been done on the genus 
Euryale which bears cleistogamous flowers and so is interesting. Euryale 
was, therefore, undertaken for the present study. 

Material and Methods 

The material was collected from Alwar, Rajasthan, India, in August 
and September, 1961-63. It was fixed in F.A.A and the usual methods of 
dehydration and embedding were followed. Sections cut 8—12 /x thick were 
stained with safranin-fast green and this gave excellent results. 


Observations 


Habitat. —Euryale is a densely prickled aquatic annual with a perennatmg 
root-stock. The leaves are alternate, peltate (Figs. 1, 2) and w en ma 
prickled on the under-surface. 


Flower. — The floral bud is covered by soft spiny outgrowths (Fig. 3) 
The flower is cleistogamous and remains under water throughou . 
four persistent spiny sepals (Fig. 4) and numerous small violet P sta * 
remain closed throughout. The inner petals are lorate and the t o 
obovate (Fig. 7). The stamens are numerous (Fig. 6). Each 
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stamens is dorsiventrally flattened, having a detadtoe 
appendage dorsiventrally flattened stamens 

"allrns ptcceeds centnrugany ^ 

The ovary is inferior, multicarpellary, syncarpous <“> „ 26) 

(Flgs^, 2-3 ovules cnp«U, £ - J 

Usually, a smgle ovule matures m each chamber ffig U 

The fruit is a berry crowned with the persistent sepals (Fig ) 
spmous and fusiform studied 

M.crosporcmgwm, Mwrosparogenesu and '■> fflC[0 

earlier, the outer stamens are dorsiventrally ^ n , 

'estjz : - - - ° f 

dehiscence Dehiscence is longitudinal and introrse 


scence i/cmovsuw, *•» — o 

The waU of the anther consists of an outer “ “-3 md<B° 

and 4-5 middle layers in the outer stamens (Fig 13) There i a but 

■ayers m the inner stamens The tapehim is ^ ™ e ’ and 

finally becomes mulunucleate (Fig 13), it is of th 
degenerates early (Fig 14) The endothecial cells elongate radia y 

The microspore mother cells undergo meiosis resulting m t^e ^ 

of tetrahedral (Fig 13) and isobilateral tetrads (er ] 3ye r being 

spherical and monocolpate The ezine is two layere , fiyahne 

thick and tubercled (sexme, Erdtman, 1952) and the inner one ton tan * ^ 

(nexme, Erdtman, 1952) The inline is also thin and membra 

The generative cell divides to form two sperm cells (Fg ) vanaWe 


Ane UtllClilUYV. v-v.ll vmviw 'O __ 

grains germinate m sM The pollen tubes of these S™ ^ eJ1 ne 

length and cany the two sperm cells sunounded by the inner ny 

Ore/e— The ovule is anatropous, bitegmic, The 

a single vascular strand which terminates at the chalaza (Figs > ' four 

inner uitegument forms the micropyle At the archespona „ an d 

outgrowths anse ftom the fumculus which grow downwaro t b out . 
finally cover the seed, forming an anl Dunns their develop. on )y 
growths fuse along the greater length of their length and 
in the apical region where they consist of four valves (Fig- 1 ^ 

The nucellus is very massive (Fig 27) Its cells at the „ , )1;c ro- 

penphery are smaller m size as compared to those m the centre 
pylar end at the eight nucleate stage of the embryo-sac 




Figs, 12-27. Fig. 12. Cress-section of anther, X200. Figs. 13-35. A part of anther lctc ( 
* 1,620. Figs. 16-38. Pcllen grains, X 2,125. Fig. 19. Archesporial cell, X2.125. Fig. 20 
Mcgaspore mother cell, X2,125. Figs. 21-22. Tetrads, X2,125. Fig. 23. Functicnal mega- 
spore, X2.125. Fig. 24. Four-micleate embryo-sac, X2,125. Fig. 25. Embryo-sac, X2,125. 
Figs. 26, 27. T.S. Ovary, Xl70, 
me, nucclltis. 
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sponal cell tug ) ( u d des further anticlinaUy to form a 

and T-shaped tetrads resuU 21 L?> m ™ “ f the fun ,Lnal ntegaspore 

(Figs 24 25) The organised embryo sac is minute in 
2f» ome nucellus The sytter^ds are ,arge and «*« J 
and one of them persists after fertilization f ® 28 \>_ re ? y they P are presis- 
are small and usually degenerate before fertilization Bare y y I V 

tent The embryo sae development conforms to the Po yg 
(Maheshwan, 1950) 

FerUhzaUon and Endosperm -Double fertihzal non is 
Remnants of the pollen tubes (Figs 31, 32) were observed at the micropylar 

e ° The primary endosperm nucleus undergoes free nuclear divans (F^ 
The chalazal end of the embryo sac elongates to form a tu ^ the 

(Figs 28-30) which penetrates deep into the nucellus bnngi g 
absorption of its tissue (Figs 31, 32) The wall **^££*?* „ 
micropylar end before the division of the zygote a contents 

gressive (Fig 29) The endosperm cells possess dense ‘J l0 P ,as ™ 32) 
m the beginning (F,g 30) but become highly vacuolated later on 
The endosperm is almost completely consumed by the t 
matures . 

Per, sperm - The massive nucellus stores the food reserves and forms ^ 
pensperm in seed At the globular stage of the embryo, e — 
pensperm get enlarged towards the micropylar end in the cenir 
situated centrally may become bmucleate also In seeds with ma u ^ 

these cells are fuU of starch grams The number of starch grain 
considerably in the cells of the pensperm (Fig 33) They are comp 
a few in the cells of the micropylar end and those of the era ^ 
while the number is about a hundred m the centrally situated ce 
radially elongated cells of the micropylar region of the pe™?*™ ® 
cutimzed on the outer and the radial walls The pensperm forms e s 
tissue in the mature seed 

Embry ogeny —The zygote (Fig 34) divides by a transverse wall to form 
a terminal cell ca and a basal cell cb (Fig 35) Ca and cb divide v 
(Fig 36) and later on the denvatives of cb divide transversely forming 



VI , ,' GS 1 28_46 ' Flg - 28 - Nuclear endosperm, x 1,620. Fags. 29-30. Cellular endosperm. Fig 29 

intern L F f 30 ’ X8 °°' F ' g ‘ 31 ‘ Anatro P ous ovule - x90 - Fi £- 32. L.S. ovule showing inner 
‘S ent ’ Pmsperm, endosperm and embryo. Mark the degenerating cells of perisperm 
P A • Flg ; 33 - Enlarged cells of perisperm showing starch grains, X350. Figs 34-44 
tmbryo development, x 1,000. Figs. 45-46. Mature embryos, X800. 

^ 1 f J L^’ innCr inlegument 5 leaf primordia; o.i, outer integument: p nerisDerm- 
P.t, pollen tube; sy, synergid; z, zygote, 6 ’ P ’ PmpOTn ’ 
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and m (Fig 37) The denvatives of ca divide vertically forming ! a 
quadrant q (Figs 37-39) Subsequently, a divides to form n and n (F g 

Further divisions m the embryo could not be followed closely but soon 
i, becomes globular (Figs 4(M3) The embryo gets flattened (Fig 44) _an 
a cotyledonary ndge is formed which overhangs the young shoot apex iw 
saucer-shaped cotyledonary lobes (Figs 45-46) arise from ^ “ 

buttresses are also organised forming leaf pnmordia in mature embry 
(Figs 45, 46) In some ovules polyembryony was seen 

Embr>o development conforms to the Asterad type, Penea variation 


Summary 


Eurxale , a densely prickled aquatic annual, with a thick perenna i 
root-stock, is survived by a single species only in parts of China, Japan, o 
America, and India 


The leaves are alternate, peltate and prickled beneath Ep gyno 
flowers are submerged m water, having four spmy sepals, numerous sma vio 
petals, numerous stamens— the outer dorsiventrally flattened with re u 
and embedded microsporangia The ovary is multicarpellary, syncarpo , 
7-12-loculate with parietal placentation 

The anther wall consists of an epidermis, an endothecium, 2-5 middle 
layers and a multmucleate secretory tapetum The endothecium ® cve ° p 
characteristic fibrous thickenings at the time of dehiscence The po 
grams are shed at the three-celled stage The outer exine is thick and tubercle 
and the inner exine is thin and hyaline The grains may germinate in si 


The ovule is anatropous, bitegmic and crassmucellate with a massive 
vascular strand Four outgrowths from the funiculus give rise to an an 
The hypodermal archesponal cell cuts off an outer parietal cell and a mega 
spore mother cell Linear and T-shaped tetrads are observed The cha aza 
megaspore is functional , the embryo-sac is eight-nucleate and of Polygonum 
type 

Double fertilization is simultaneous The endosperm is free nuclear 
Wall formation is progressive The endosperm is consumed by the time 
embryo matures The food material is stored in the pensperm in the form 
of starch The mature embryo possesses saucer-shaped cotyledons and 2 
seminal leaves 
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STANDARDIZATION OF O STOCK SOLUTION 
AND FILTER EFFICIENCY IN THE 
COMPARISON OF PRIMARY PRODUCTIVITY 
MEASUREMENTS 

By R. Raghu Prasad, F.A.Sc.,* P. V. Ramachandran Nair 
and J. J. A. McLaughlin** 

{Central Marine Fisheries Research Institute, Mandapam Camp) 

Received December 14, 1963 

Introduction 

During the intercalibration trials on primary production conducted at the 
University of Hawaii, Honolulu, in September 1961, in which one of the 
authors (R. R. P.) also participated, factors influencing the variability of produc- 
tivity measurements like sampling error, differential toxicity of samplers, 
sample treatment before incubation, inoculation, incubation, planchet prepa- 
ration and counting were considered. Of these some of the factors such as 
sampling error and inoculation were made uniform by each group of scientists 
sub-sampling one and the same sample and all participants using the same 
C 14 stock (C.S.I.R.O., Australia, No. 9). Different techniques were used 
only for incubation and two techniques were used for counting (for details 
see Doty, 1961). 

The method for the measurement of primary production, followed in 
this Institute till recently, was on the lines marked out by the International 
Agency for C 14 Determination at Charlottenlund, Denmark, including the 
computation of photosynthetic rates (see Steemann Nielsen, 1958). Since 
all the equipments used in this technique were not available at the time of the 
intercalibration tests at Hawaii, techniques used by participants from Australia, 
Japan, U.S.A. and U.S.S.R. only were compared. But later during July 
1962 to June 1963 the first two authors conducted a series of parallel in situ 
experiments in inshore waters using the same C.S.I.R.O. stock of C 14 (8/xc), 
filters and filtering device as well as those of the International Agency (4/rc). 
The counting of the planchets was done by the C.S.I.R.O. and the Inter- 
national Agency respectively. 

** Present address: Central Marine Fisheries Research Substation, Hrnakulam. 

•j- Haskins Laboratories, New York, U.S.A., under U.S.P.FI. GM-07022, support in part and 
U.S. Program, Indian Ocean Expedition. 
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The first two authors are thankful to Dr G F Humphrey and 
Dr H R Jitts ofCSIRO, Australia, for the stock of C u , filters and filtering 
apparatus and for also arranging the counting of the planchets 

Results 


Twenty eight m situ experiments were conducted mostly in the inshore 
waters of Palk Bay usmg replicate samples containing natural population 
and under sdewUca.1 conditions The results are given m Table I 

In the final values of primary production a 10% correction has been 
applied by the Agency for isotopic discrimination and respiration of C? 1 , 
whereas for values from C S I R O counting this correction has not been 
applied Though any similarity in the activities of the two sets of planchets 
is not to be expected because of the difference in the strength of the stocks 
as well as the efficiencies of the counting systems, there should have been 
greater agreement m the ultimate values especially in view of the high sensi- 
tivity of the technique The almost consistently lower rates in the C S I R.O 
values cannot be due to the higher added activity since the strength of C 14 
is of no importance Nevertheless, experiments were conducted with dilu- 
tions of 1, 2, 4, 5 and IO/xC from a Nuclear Chicago 0 5 milhcurie stock solu- 
tion of sodium carbonate and these gave proportional recovery of activity 
(173, 181, 410, 461 and 920 cpm respectively) in a gas flow proportional 
counter It may be mentioned here that the respective figures of ‘ added 
activity ’ at zero-thickness used in the computation of photosynthetic rates 
have been obtained by two different techniques (exponential extrapolation 
in the Agency technique and calculated from absolute activity in the C S I R O 
technique) According to Jnts and Scott (1961) the value obtained by expo- 
nential extrapolation can be low by 26% (subsequently corrected to 20% 
by Jilts, 1961) as compared to the latter method The application of a lower 
value of added activity brings an overestimation m the production values 
Hence it is obvious that the difference in approach in the standardization of 
stock is partl> responsible for the obsened disparity in the production values 
obtained by the two techniques 

Various methods have been used for the measurement of added activity, 
such as drying small aliquot of the stock solution on a planchet or converting 
to gaseous C 14 0 2 and determining in a gas counter and the more common 
method of determining indirectly from self absorption curves of BaC0 3 
planchets of varying thickness (ref Jitts, 1961) While discussing the ments 
and dements of these methods Jitts (op at ) has remarked that though the 
extrapolation of self absorption curves can be made to be highly reproducible 
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Table I 


Comparison of values of in situ experiments in Palk Bay obtained 
. by the International Agency and C.S.I.R.O. techniques 


Expt. 

No. 

Date 

Station 


International Agency 

C.S.I.R.O. Australia 

c.p.m.* 

mg. C/m. 3 / 
hour 

c.p.m.f 

mg. C/m. 3 
hour 

1 

26-6-1962 

Off Mandapam 

s 

10,921 

60-175 

36,360 

22-875 

2 


9 * 

B 

1,576 

8-684 

7,412 

4-663 

3 

4-7-1962 

55 

S 

32,122 

132-760 

24,915 

11-756 

,4 


55 

M 

7,476 

30-898 

43,568 

20-557 

5 

55 

59 

B 

720 

2-975 

3,663 

1-728 

6 

9-7-1962 

95 

S 

18,863 

77-961 

76,564 

36-126 

7 

55 

95 

M 

731 

3-021 

2,881 

1-359 

8 

55 

59 

B 

514 

2-124 

2,102 

0-992 

9 

11-7-1962 

Off Thangachimadam 

S 

10,620 

43-892 

27,897 

13-163 

10 

55 

55 

M 

2,019 

8-344 

10,294 

4-857 

11 

55 

59 

B 

122-6 

0-507 

907 

0-428 

12 

55 

55 

S(D) 

93-6 

0-258 

783 

0-246 

13 

55 

55 

B (D) 

71-6 

0-197 

726 

0-228 

14 

18-7-1962 

Off Athangarai 

S 

5,553 

30-791 

27,832 

15-759 

15 

55 

59 

M 

2,565 

14-223 

13,809 

7-819 

16 

*5 

55 

B 

396 

2-196 

1,432 

0-811 

17 

55 

9 9 

S(D) 

122-6 

0-338 

434 

0-137 

18 


59 

B(D) 

37-1 

0-102 

470 

0-148 

19 

4-9-1962 

Off Vizhingam 

S 

1,984 

7-55 

12,652 

5-97 

20 


95 

15 m. 

299 

1-14 

1,358 

0-64 

21 


59 

30 m. 

67-5 

0-26 

296 

0-13 

22 

11-6-1963 Off Mandapam 

S 

1,291 

7-31 

10,692 

5-05 

23 


9 

M 

1 ,043 

5-90 

10,018 

4-73 

24 

55 

9 9 

B 

50-2 

0-28 

483 

0-23 

25 

17-6-1963 

55 

S 

2,067 

11-70 

16,493 

7-78 

26 


95 

4 m. 

3,235 

18-31 

23,738 

11-20 

27 


55 

8 m. 

1,498 

8-48 

15,002 

7-08 

28 

55 

59 

10 m. 

626 

3-54 

6,863 

3-24 


* Added activity at zero-thickness l-033xl0°c:p.ni. 

+ Added activity at zero-thickness 8-67x10° c.p.m. 

S, Surface; B, Bottom; M, Middlelaycr; D, Dark bottle, 
• \ 
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Table II 

Comparative retention of activity on 3 types of 
filters of varying pore sizes 



Type of filter and pore size 

Experiment No and Date 

Membranfilter 
Gottingen 
(0 50 ft) 

Millipore 

Type HA 
(0 45 ft) 

Gelman 
Membrane 
Type AM 7 
(0 30/.) 

t 7-8-1963 

Activity (c p.m ) 

2 445 

2 574 

2 964 

mg C/m ’/hour 

3 8 

4 0 

4 6 

Daily rate 

45 6 

48 0 

55 2 

%lost 

17 3 

13 0 

- 

2 8-8-1963 

Activity (c pjn ) 

8 303 

8 434 

(8 672) 

mg C/m ’/hour 

12 92 

13 13 

03 50) 

Daily rate 

155 04 

157 56 

(162 00) 

% lost 

Recovered activity (c p m ) 

4 3 

2 8 

238 

3 12-8-1963 

Activity (cpm) 

7 408 

8 087 

8 553 

mg C/m ’/hour 

11 53 

12 59 

13 31 

Daily rate 

138 36 

151 08 

159 72 

%Iost 

13 4 

5 4 

Recovered activity (cpm) 

100 

67 


4 17-8-1963 

Activity (cp m ) 

5! 649 

56 900 

47,326 

mg C/m ’/hour 

83 74 

92 25 

76 73 

Daily rate 

1 004 88 

1 107 00 

920 76 

%lost 

Recovered activity (cpm) 

9 2 

158 

16 8 

5 17 8-1963 

Activity (cpm) 

12 882 

13 839 


mg C/m ’/hour 

20 89 

22 44 


Daily rate 
"/.lost 

250 68 

19 4 

269 28 

311 04 

Reco\ cred activity (cpm) 

70 

86 


_ 2 obtained by filtemg the atrata 

on Getaan Slier after the ongrnal Station on the latter went arong. 

from Millipore 
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and can be used for relative measurements of primary production it can 
introduce considerable errors when measurements using different counters 
are compared. The above series of experiments clearly illustrate this fact 
and stress the need for the adoption of a uniform method of standardization 
of the stock to make the results of various workers comparable. It is felt 
that the method suggested recently by Jitts and Scott (1961) which consists 
of determining the absolute activity of the C 14 added- and the efficiency of the 
counter at zero-thickness and thereby the added activity could offset much 
of the difficulty and make comparison of values more feasible. 

Another important aspect in productivity measurements, which has 
not received much attention, is the comparative efficiency of the filters 
commonly used by different workers in the retention of the activity. Lasker 
and Holmes (1957) studied the variability in retention of marine phyto- 
plankton labelled with C 14 and concluded that it is advisable to employ filters 
with a porosity of at least 0-45 y and with relatively rapid flow characteristics. 
Recently Thomas (1961) has rightly drawn attention to the need of obtaining 
more knowledge of just how fine a filter is necessary to retain all or most of 
the radioactivity from C 14 labelled populations and also what negative pressure 
should be used for filtrations. During the intercalibration trials MilUpore 
filters AA grade (pore size 0-8 f) were used throughout. In the experiments 
mentiond above the authors used Millipore AA filters for the C.S.I.R.O. 
stock and Gottingen Membranfilter (0 • 5 for the Agency stock. AA filters 
retain less activity than HA filters (0-45^) and considering the significance 
of the contribution of nanno-plankton in the primary production of these 
waters HA filters have been used for routine work in this Institute. Steemann 
Nielsen also has pointed out in a recent personal communication that for 
plankton algae like naked flagellates the filtration efficiency is an important 
factor. 

In order to assess the relative efficiency of filters few experiments were 
conducted in August 1963 when the third author was here under the U.S. 
Program of Biology in connection with the International Indian Ocean Expedi- 
tion. Natural populations were used and the retention of activity was measured 
on Millipore HA filters, Gottingen Membranfilter supplied along with the 
International Agency stock and also Gelman Membrane filters Type AM-7 
having a smaller pore size (0*30 p). 

Table II gives the results of these experiments. 

It may be seen that excepting in experiment 4 when phytoplankton was 
very abundant in the sample, Gelman filters showed a higher retention of 
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activity than the other filters The decrease m retention on Gelman filter 
in experiment 4 may, m all probability, be due to rupturing of the cells during 
filtration as stated by Thomas (op at) after the initial deposition of cells and 
further reduction of porosity of the filter, as phytoplankton was abundant 
in this sample The higher values obtained by HA filters over Gottingen 
filters are also not altogether insignificant This may be either due to the 
slight difference in pore size or due to the difference m the filtration techniques 
(vacuum for HA and pressure for the latter) The higher retention of activity 
of the Gelman filters was also indicated, when the filtrate from Millipore HA 
and Gottingen filters were refiltered at random through Gelman filters (see 
Table II, recovered activity) Hence it is felt that for plankton rich waters, 
filters of Millipore HA type (0 45 p) and for plankton sparse waters, filters 
with smaller pore size like Gelman Membrane type AM 7 (pore size 0 30 p) 
and less would be suitable yielding more comparable results 

The results of these observations reveal that the adoption of a uniform 
method of standardization of stock solution and careful selection of the type 
of filters are necessary more than anything else if values obtained by different 
workers are to be compared with reasonable accuracy in view of the high 
sensitivity and wide popularity which the Carbon 14 technique commands 

Summary 

Parallel experiments using natural populations were conducted to find 
out the variability of values of oigamc production obtained by two different 
C 11 stock solutions, standardization techniques and counting systems as well 
as the relative efficiency of three types of filters The results indicate that 
a uniform method of standardization of stock solution and a careful selection 
of filters are necessary more than anything else if values of organic production 
obtained by different workers are to be compared 
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Received January 13, 1964 
(Communicated by Prof V Pun, P.ASC.) 

Introduction 

Anacardmm occtdentale L , a native of Brazil, is one of the economically 
important species of Anacardiaceae The tree bears a pear shaped, yellow 
or reddish juicy * fruit ”, the p>eudocarp, which is the swollen pedicel and 
the d sc The true fruit is a remform nut, borne on the distal end of the 
pseudocarp which together with the massive, piano convex cotyledons are 
edible The former is of special significance to the plant as it aids in the 
dispersal of the hard nut by birds 

Some aspects of this interesting plant have been worked out Hie works 
of Sieck (1895) on the development of resin ducts. Sarin (1938) on the physio- 
logical behaviour of the wounded leaves, Ventura and Hollanda (1959) on the 
amino-acids present in the cashew apple, Copeland (1961) on morphology, 
floral anatomy and a few aspects of embryology, are worth mentioning But 
no detailed work on the developmental anatomy of the p^eudocarp is available 
and this is the justification for the present attempt 

Material and Methods 

The pedicels of Anacardium occidentale at different stages of development 
were collected from Kerala State by one of us (T M V ) and fixed m formalin- 
acetic-alcohol Usual methods of dehydration and embedding were followed 
and sections were cut at 10-14 n and stained with saframn fast green combi- 
nation 

Observations 

The young pedicel is slender and uniform (Fig 1) *But after fertilization 
it enlarges gradually together with the disc and form a succulent, juicy pseudo- 
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carp commonly known as cashew apple measuring up to 42-45 mm. at the 
distal end (Figs. 12, 14, 17, 19 and 24). 

Serial transections of young pedicels were examined. Below the uni- 
layered epidermis which is interrupted by a number of stomata (Fig. 8), 
there are a few layers of cortical cells with tannin. At the basal portion of 
the pedicel the vascular tissue forms a dissected siphonostele which at a 
higher level divides into a number of bundles arranged in a ring. A few 
bundles appear in the centre also. The former as well as the latter divide 
and redivide to form a number of bundles at the upper portion (Figs. 2-4). 
The division of the bundles is quite interesting. The vascular elements in 
the bundle expand laterally and shift gradually in opposite directions in such 
a way that the protoxylem elements usually face each other. Later on 
these elements group themselves into two or rarely more units and get sepa- 
rated by tanniniferous cells to form two or more bundles with the sister bundles 
have their protoxylem elements usually facing each other (Figs. 5-7). Thus 
there is a gradual increase in the number of bundles from base upwards 
(Figs. 2-4). There are a number of resin ducts dispersed throughout the 
peduncle. Usually these ducts occur on the outer side of the vascular bundles 
(Fig. 4). 

As Copeland (1961) has pointed out the occurrence of resin ducts is a 
characteristic feature of the family Anacardiaceae. It is, therefore, interesting 
to note the development and nature of these structures. The number of 
ducts is more at the terminal portion of the pedicel than at the base. In the 
developing pseudocarp the number of ducts increases. As has been noted 
by Harada (1939) in young fruits of Rhus and Venning (1948) in Mangifera 
small groups of special cells were distinguishable from the neighbouring cells 
by their thick contents, and have been designated as precursors of resin 
ducts (Fig. 9). These form long columns in the pedicel, usually on outer 
side of the phloem. The layer of cells just outside these group of cells attains 
dark contents (Fig. 10), while the layer encircling the cells with thick contents 
divides by tangential walls to form 3-4 layers of cells. The cell-walls of the 
‘ precursor ’ group of cells disappear leaving the contents inside the canals. 
When the pedicel grows to maturity the cells of the endothelial layer with 
thick contents breakdown as they fail to keep pace with the enlarging duct. 
Three to four layers of radially elongated cells just outside this layer form the 
endothelium during the later stages, and their tangential walls become 
stretched as the growth of the pseudocarp is in progress (Fig. 11). The 
enlargement of resin ducts has a significant role in increasing the bulk of the 
pseudocarp. Copeland (1961) noted that the pith region of the pedicel does 

B2 
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not contain any resin duct. But during the present study resin ducts were 
noticed in the pith region also. 

The growth of the pedicel is an interesting point to be noted. The bundles 
in most portion of the pedicel are concentric with the phloem surrounding the 
xylem and protoxylem group facing each other (Fig. 15). It is to be noted 
that most of the cells in the bundles, except the xylem vessels have com- 
pressed walls when the growth starts. Some of the cells outside the xylem 
vessels are well marked with prominent nuclei which are the procambial 
cells. These cells form more or less a discontinuous ring (Fig. 15). As 
the growth starts, the walls of the cells are stretched out and the cells with 
prominent nuclei enlarge and divide repeatedly increasing the bulk of the 
bundle, towards the xylem as well as towards the phloem. In the growing 
pseudocarp some of the bundles at the distal end get divided into two or 
more segments and each one behaves as a separate unit and grows indepen- 
dently to form concentric bundles, thus contributing to the enlargement of 
the pseudocarp (Figs. 20-21). After the pseudocarp attains about 22-25 mm. 
in diameter (distal end) the bundles stop its growth and the parenchymatous 
cells of the ground tissue around the bundles enlarge considerably (Figs. 13, 
16, 18, 22 and 26). The enlargement of all the cell-walls is equal in earlier 
stages but subsequently the radial walls grow longer. The resin ducts also 
enlarge considerably by the elongation of the radial walls of the endothelium 
and surrounding cells. A group of parenchymatous cells constituting the 
disc at the distal end of the pseudocarp where the nut is attached become 
lignified (Fig. 23). * The lignification of these cells is significant as it fortifies 
connection of the nut with the pseudocarp and hence helping the dispersal 
of the nut to distant regions by birds. 

In a growing pedicel considerable changes take place in the amount and 
distribution of tannin also. The tannin contents are less in the young pedicel 
(Fig. 13). They increase gradually in quantity and when the pedicel starts 
enlargement 8-10 layers of the cells in the cortex, just below the epidermis 
and most of the cells separating the bundles are completely filled with tannin. 
Up to this stage the distribution of tannin follows a definite pattern (Fig. 16). 
Later on the tannin occurs in all cells except the vascular elements and the 
cells surrounding resin ducts (Fig. 18). After the pedicel attains 22-25 mm. 
in diameter the amount of tannin starts decreasing and when the pseudocarp 
approaches maturity, located only in the centre of the cells (Fig. 22). In 
mature pedicel (cashew apple) the tannin contents disappear completely 
and the cells become enriched with globular bodies probably glycogen (Fig. 26). 

At this stage the pseudocarp is edible. 
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Discussion 

The developmental anatomy of the pseudocarp of Anacardium occidentale 
is interesting in several ways, especially the increase in the size of the pedicel, 
in the development of resin duct and changes in the tannin contents at different 
stages of development. 

Increase in the size of the pseudocarp is due to three factors. The 
growth up to 20-25 mm. diameter is chiefly due to the enlargement of the 
bundles brought about by some of the procambial cells around the xylem 
elements. However, the bundles at the distal end of the pseudocarp breaks 
up into several groups and each of them grows independently, contributing 
to the size of the pseudocarp. When the growth of these bundles almost 
stops, the parenchymatous cells throughout the pedicel enlarge rapidly. 
The increase in number and size of the resin duct is another factor which 
contributes to the enlargement of the pseudocarp. 

There has been some difference of opinion as to the mode of formation 
of resin canals in Anacardiaceae. Engler (1896) described them as schizo- 
genous in the family Anacardiaceae, whereas Sieck (1895) who studied - them 
in the mature fruits of A. occidentale referred to them as Schizo-lysigenous. 
Recent investigation of Venning (1948) showed that the development of these 
ducts is Schizogenous in the stems and leaves of Schinus and in the developing 
fruits of Mangifera. In the leaves and stems of Spondias and Mangifera, 
however, they develop Schizo-lysigenously. The development of resin ducts 
is lysigenous in the floral pedicels and receptacles in Spondias and Mangifera. 
The formation of resin ducts in the pedicel of Anacardium occidentale is 
lysigenous and thus resemble the condition in Spondias and Mangifera. 

Summary 

The present work deals with the changes during the development of the 
Pseudocarp in Anacardium occidentale, which is morphologically the pedicel 
and the disc. 

The number of bundles increases from the base towards the distal end 
in a peculiar way, which has been described in detail. Some of the bundles 
appear to arise de novo in the pith whereas the others form a continuous 
system from base to top. 

The development of resin ducts in the pseudocarp is described in detail. 
They develop lysigenously. 

The growth of the pseudocarp is also dealt with. There are three 
factors which helps in the enlargement of the pseudocarp (1) segmentation 
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and enlargement of the vascular bundles, (2) the enlargement of the 
parenchymatous cells in the cortex and pith and (3) the increase in 
number of the resin ducts and their enlargement 

The amount of tannin contents in the cortical and medullary cells was 
also studied The tannin contents increase gradually up to the time when 
the pseudocarp is 22-25 mm in diameter Thereafter, they reduce gradually 
and disappear, completely. 
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Introduction 

Charniaux Cotton (1957) demonstrated that the implantation of the andro- 
genic gland from the male into the female of Orchestia gammarellus brings 
about the transformation of not only the ovary into the testis but also of the 
female secondary sex characters into those of the male. The slender claw 
of the female of Orchestia is transformed into the powerful claw characteri- 
stic of the male. It is now known that the androgenic gland can bring 
about similar transformation in other Malacostracan forms. 

The transformation of the secondary characters implies a change in 
relative growth coefficients. It is well known that the external sex differences 
are related to differences in growth rates in the two sexes. As Teissier (1960) 
pointed out, the techniques for study of relative growth enable us to state 
exactly the periods when the action of internal factors condition secondary 
sex differentiation. Weymouth, Donald and Mackay (1936) have shown 
that the relative growth coefficient in the male abdomen is greater than that 
of the female specimens. A similar condition has been studied in Callmectes 
sapidus by Newcombe et al. (1949). Prasad and Tampi (1954) calculated 
the relative growth coefficients in the abdomen of Neptunus pelagicus. These 
studies relate to the growth differences .in normal sexes and not in the process 
of sex transformation. 

Charniaux Cotton (1957 a) observed that females of Orchestia into which 
androgenic gland was implanted progressively acquired the male secondary 
characters during the post-operative intermoult periods. 

The present account is a quantitative study of sex transformation in 
Ocypoda platytarsis. The effect of implantation of androgenic gland into 
the female Ocypod has already been reported by the author (Sarojini, 1962). 
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In the present paper, the changes in relative growth coefficients during sex 
transformation resulting from implantation of the androgenic gland have 
been calculated, and these coefficients are compared with those of normal 
and female specimens 

Material and Methods 


The specimens were collected locally near the mouth of the Vellar estuary 
at Porto Novo To determine the relative growth coefficients in normal male 
and female, 40 male specimens and 35 female specimens were studied For 
determination of relative growth coefficient during sex transformation, fifteen 
immature female specimens were implanted with androgenic gland and they 
were measured at intervals during the post operative intermoult periods 
The method of implantation, and the maintenance of the specimens have been 
described elsewhere (Sarojim, 1962) The width of carapace was taken as 
standard and represented on the abcissa m all cases All measurements 
were taken with fine dividers and expressed m millimeters The equation 
Y = b x a employed here was first described by Huxley (1932) The formula 


a 


= f log 1 + Vy' V 
l log 1 + Ux 2 J 


given by Kermack and Haldane (1950) was also employed, and a 
close agreement was found between the results obtained by the two 
methods 


Results and Discussion 


The results of the present analyses of growth are given in Table I 

The results of the analyses are given w Table I The relative growth 
coefficient for normal male is 1 588, for the female specimens it is 1 1777 


It is observed that the growth rates also differ between the two sexes 
The external sex differentiating characters are due to differential growth rates 
between the two sexes ''The relative growth coefficient for the implanted 
specimens during the first post operative intermoult period is 1 3 and 
during the second post operative intermoult period a is 1 6 (F g 1) It W jU 
be seen that the growth coefficient increases by degrees The difference in 
relative growth between normal males and the males resulting by transforma- 
tion ot remale specimens is not significant 

,w obs ' rvll, ° ns ° f Chamiaux Cotton (1957) on Orcheslm relate to 
the slender clan of the female nhich, as the effect of lmplantatron of tb" 
drogemc gland becomes transformed progressively into a posverful male 
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Table I 

Variations in the relative growth coeffi. ient of normal male, female and 
transformed female specimens of Ocypoda platytarsis 


Sex 

Number- 

Size 

Relative 

growth 

coefficient 

Normal female . . 

35 

> 40 mm. 

1*177 

Normal male 

40 

> 40 mm. 

1*588 

Female transformed into male 
specimens 

15 

> 35 mm. 

2-6 




I phase 1 • 3 

II phase 1.6 


‘/’for difference between normalmaleandfemale0*9167; p 0-200. 



Fig. 1. Graph to show relative growth of abdomen in: (A) Male normal; (B) Female 
normal; (Q Female with androgenic gland irnplamed into it 

claw during the post-operative intermoult periods. The transformed claw 
finally assumes the form of the claw of the normal male specimens. 
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In the present study the observations have been on the relative growth 
of the abdomen During sex transformation the relative growth coefficient 
of the female changes and approximate to that of the normal male m the 
growth coefficient The slight difference between the transformed female 
and normal male is not significant 


Conclusion 

The observations discussed above indicate that due to the action of the 
androgenic hormone, the female secondary sexual characters acquire pro- 
gressively the male form during the post operative intermoult periods, by 
changes in the allometnc coefficient 

Summary 

The coefficients for relative growth differ in the two sexes The implan- 
tation of the androgenic gland into the female transforms into the male, and 
during this process the relative growth coefficient for the abdomen changes 
progressively during the post operative intermoult penods Finally the 
allometnc coefficient assumes nearly the value characteristic for the normal 
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Introduction 

Ashmead (1904) divided the family Aphelinidae into two tribes, viz., Ptero- 
pterycini and Aphelinini, based on the presence of four and five-segmented 
tarsi respectively. Howard (1907), Mercet (1912 and 1929) and Girault 
(1915) have followed almost the same system. Compere (1936) in his 
paper on ‘The Classification of Aphelinidae, however, experienced some 
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genuine difficulty in adopting Ashmead’s division of Aphehmdae, since, 
according to him “the present classification, which places Casca Howard 
in one tnbe and Aspidiotiphagns Howard in another, because of the difference 
in the number of tarsal joints, is an artificial one that widely separates these 
two closely related genera’ The present writer has met with a similar 
difficulty in separating Marietta Motsch from Perissopterus How , which 
not only show close relationship with each other, but have even been declared 
synonyms 

De Santis (1946) took the bold step of replacing the old system of 
‘tribes* by the ‘family* system based on a range of characters, in which he 
has grouped the various genera under the families— Calesinae, Aphehmnae 
and Coccophagmae This system, no doubt, is a little complicated, but is 
decidedly much better in many respects than the older conventional one 

Mercets (1912) monograph Los Afelinmos supplemented by his later 
work (1929), Los Afelmidos de Espana, forms a good study of the family 
Aphehmdae Compere’s (1931), ‘A revision of the species of Coccophagus 
Westwood’, can be taken as reliable work, though it barely deals with even 
one thud the number of recorded genera 

De Santis’s (1948) Estudio Monographico de Jos Afehnidjs de la Re 
pubhca Argentina , not only revolutionises the system of classification of 
Aphehmdae , but also contains valuable information on most of the recorded 
genera 


Q>mpcre’s paper (1947)— ‘A new genus and species or Eurymymcnema 
aphehnoides Af > wcnema Ashmead’-has been of service ,n asstgnmg a 
place to the genus Eurymyiocnema among the Aphehmdae Tins cenus 
however, has recently been releeated harV ' 

by Nikolskaya (1952) Compere’s work 7l955) E,a ™ ia \ 

the genus Aphyus Howard-speces' ,s an . „ SyStematIC stud y of 
for the separation of Aphytis Howard from Tf, c ™ t "but 1 on helpful 
closely related genera Aphehnm Dalman and other 

Parasites/ W B "*“* Aphekntd 

pertaining to the pronotum, the sub gemtaT^ate’ eITtoX' 
the present writer is glad to be in a / ‘ In thl! connection, 

present work, a full confirmation of tb ° *° bnng ’ ln l,lc course of his 
In view of the s”n.y ^n™,, I?! to ,°"r ,C Va,Ue ° f deters 

an examination of a good collection oflf 11 °° ' he A P hclm “ i ae m India, 
the last Tew jears at Ihgarh sra end^n ” adc m ,hc course of 
paper to record the results of these studiK a ° d “ <h ' purpose of 1,115 
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Taxonomic Studies of Aphelinidae: Descriptions of New Species 

A reference to available literature on the group showed that only a 
few species have been recorded from India and that a good many of the 
forms in the present collection are new to science. In the course of the 
work, the type material was compared carefully with that of Dr. Alam’s 
collection and keys for the determination of the different genera and of 
the various species under each genus were worked out. In view of the 
widespread occurrence of these tiny wasps parasitising various species of 
Coccids in India, it is hoped that the present report will prove a good incen- 
tive to further work. The present paper is restricted to certain new species 
under three genera: viz., Coccophagus, Prospaltella and Encarsia, and the 
remaining forms coming under other genera will be dealt with in the second 
part, which it is hoped will soon follow. All the type-material has been 
deposited in the Museum, Zoology Department, Aligarh Muslim University. 

Key to Genera of Aphelinidae — Based on Female Forms 

1. Antennae six- to eight segmented 2 

— Antennae eleven-segmented ; funicle six-segmented including two 
ring joints; club three-segmented; hind coxae not enlarged ; hind 
tibiae without stiff coarse setae on dorsal margin; scrobes deeply 
impressed forming an indentation, risible on the head from the 
dorsal aspect; subgenital plate of uniform width with a wide 
spherical notch in the middle of posterior margin: outer plates 
of ovipositor narrow at base, broad and obliquely truncated at 
apex, dorsal margin broadly inflexed (antennae ten-segmented 

in males with a two-segmented club) Eurymyiocnema Compere. 

2. Antennae six-segmented ; funicle three-segmented, third segment longest. 

, 3 

— Antennae seven- or eight-segmented 5 

3. Fore-wings hyaline or with a single fuscous patch; legs of uniform 

coloration; pronotum bilobed with a very narrow- median connecting 
bridge; first valvifer subtriangular. 4 

Fore-wings with hyaline spots or broad bands of transparent hairs, 

or body with pronounced white spots or maculations,. very fre- 
quently with both ; legs with one or more dark bands ; pronotum 
broad, of a most uniform width; first valvifer semicircular with 
- ' ' articular knobs less, .prominent ; subgemtal. plate of- uniform width 
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with a wide notch in the middle of posterior margin, a knob on 
either side of the notch followed by ndges Marietta Motsch 

4 Abdomen with a syntergum, apical dorsal sclente fused with the modified 

dorsal remnant of ninth tergum, marginal vein much longer than sub- 
marginal \em posterior margin of pronotum concave, subgemtal 
plate bilobed with middle region conspicuously narrow, outer plates 
of ovipositor with an oblique ndge Aphytis Howard 

Abdomen without a syntergum, dorsal apical sclente separate, 
marginal vein as long as (sometimes a httle longer) or shorter 
than submargmal vein, posterior margin of pronotum straight, 
subgemtal plate sub-triangular with postenor margin reduced to 
an angular form with a median notch, outer plates of ovipositor 
with a submargmal ndge along basal half of the dorsal margin 

Aphelmus Dalman 

5 Antennae seven segmented g 

—Antennae eight segmented 7 

6 un!fo n m^^^/ UmCl U h^e ^ SeEmenl£d • al1 fnnide segments of almost 

tarrf Jw dd ! £ bas,tarsus stigmal vein ends like a 

head , ovipositor hardly exerted Ph)scm Howard 

~ A enuT r °T' gmemed - "*** shortest, club 

^ 3 SW ° I,en and r °-“ d «< “P, pronotum 

m^g,L,“d e i7 'Th”at , : r af'“ r deCP,y ~ “ d a 
about one halflength of abdornTn 6 ”' “S* 1 b f 

Azotus Howard 

7 Scape cyhndncal 

d “ b — ! 

veui somewhat truncated at apex wS 

o Prophyscw De Santis 

in bilateral sjmtmet^- ^Postwio^margn^ofpronotum ’ 8 “"“S” 1 
till oi pronotum concave in middle 

-Mesoscutum usually profusely setose 9 

straight, ciha of marginal fringes of f en ° r margln of pronotum 

'Tin clearly more thau half as w ^ th ° re r n8S Sh ° n ' mar Smal 

■*“ •' — - -a arstr.- = 
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marginal inflexion along dorsal margin; flagellum of antennae 

plainly differentiated into funicle and club Coccophagus 

Westwood. 

9. Funicle three-segmented, club three-segmented; outer plates of ovi- 
positor narrow at base, truncated at apex with a narrow inflexion 
along dorsal margin extending up to basal fths of the plate; sub- 
genital plate with anterior margin straight, posterior margin convex 
with a median notch and two submarginal oblique ridges on either side 
of the notch; cilia of marginal fringes of fore- wings long, not exceeding 

2 wing width Frospaltella Howard. 

— Funicle four-segmented; club two-segmented; outer plate of ovi- 
positor slightly expanded and obliquely truncated at apex with 
an oblique ridge running along the middle ; subgenital plate almost 
semicircular with anterior margin convex and posterior margin 
straight with a wide notch in the middle; cilia of marginal fringes 

of fore-wings not exceeding £ wing width Encarsia 

Foerster. 

I. New Forms under Genus Coccophagus Westwood 

Coccophagus is one of the most easily recognised genera of the family 
Aphelinidae. Various stable generic characters have been used in this con- 
nection by Mercet (1912 and 1930), Compere (1931), De Santis (1948) 
and Alam (1956). Alam (1956) has, in addition, recorded some interesting 
new generic characters for Coccophagus, viz., those relating to the pronotum 
and the outer plates of ovipositor, which appear reliable and can safely be 
taken as stable characters. Compere’s (1931) key to species of Coccophagus 
has been amended as below to accommodate four new species herein 
described. 

Revised Key to Species of Coccophagus based on Females 


1. Wings smoky 2 

— Wings hyaline 4 


2. Pedicel one and one-half times longer than first funicular segment; 
first funicular segment more than three times as long as wide ; infuscated 
patch on fore-wings interrupted by a diagonal’ hyaline streak; hind 
coxae, trochanters, femora, middle portion of metanotum and pro* 

podeum yellow; antennae and abdomen black C. rusti Compere. 

— Pedicel clearly shorter than the first funicular segment, which is 
about as long as wide; infuscated patch on fore-wings without 
a hyaline streak: - . 3 
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3 Head with yellowish medio frontal line , pedicel slightly longer than 
wide, postmargmal vein one third of stigmal vein, cilia of marginal 
fringes of fore-wings one seventh of wing width , submargmal vein 
with 21 bullae, antennae and body brown C diaspidis, spn 

—Head without medio frontal line, pedicel clearly longer than wide, 
post marginal vein slightly shorter than stigmal vein , cilia of 
marginal fringes of fore wings one tenth of wing width , sub- 
marginal vein with 24 bullae, antennae black, body with bluish 
reflections C citn, sp n 


4 Submarginal vein with 16 bullae, each parapside with 3 or 4 setae, 
basal one third of abdomen yellow, five cross bands on the rest 5 
— Submargmal vein with 14 bullae, each parapside with 5 setae, 

abdomen with a broad band in the middle 

C javeiisis Girault 

5 Occiput yellow , scape about five times longer than wide , pedicel about 

one and one half times longer than wide , first funicular segment shorter 
than the following fumcle segments, each parapside with 3 setae, 
meso postphragma narrowly notched at apex , post marginal vein one 
half as long as stigmal vein C mamt, sp n 

—Occiput black, scape four and a half times longer than wide, pedicel 
twice longer than wide, first funicular segment longer than the 
following segments , each parapside with 4 setae , meso post 
phragma narrowlj rounded at apex with a notch, postmargmal 
vein one-fourth of stigmal vein C indicus, spn 

(i) Coccophagus manu, sp n * 

Female 


Head (Figs 1 A and 1 B) — Orange yellow, wider than long , post- 
occiput eyes and ocelli blackish , fronto vertex wide, two and a half times 
wider than long, eyes globular, slightly longer than wide, ocelli in obtuse 
an ®^ dL,tailcc basa l ocelli from occipital margin about one 

and ono-half times the distance from eye run, cheeks short, much narrower 
than e>c width, antennal sockets placed close to oral margin 

Antennae (Fig 2) Orange with brown sensona, scape long cyl.n- 
dncal abou t five and a half tunes longer than wide, pedicel short, over one 

• Masd aQcrDr M.S. Mam, Djput, Director. Zoological Survey of India 
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and one-half times longer than wide, slightly shorter than first funicular 
segment; the first funicular shorter than the second and third funiculars 
individually; second and third segments of equal length and width, about 
one and a half times longer than wide ; club long, three-segmented, more 
than three times longer than wide, slightly shorter than the funicle; the 
consecutive segments of funicle-club region with 4, 7, 7, 8, 7 and 4 sensoria 
respectively. 

Thorax. Orange yellow, slightly brownish on the anterior margin of 

meso-scutum; scut um along the boundaries, axillae, metanotum and pro- 
podeum reddish-brown; pronotum small, of uniform width with anterior 
margin deeply and acutely notched in middle, posterior margin convex; 
each of the parapsides and axillae with 3 and 2 setae respectively; scutellum 
broadly rounded at apex; propodeum narrow in middle, expanded on sides; 
meso-postphragma notched at apex. 

Fore-wings. Hyaline, more than twice as long as wide; submarginal 

vein long, slightly longer than marginal vein, with 12 setae and 16 bullae; 
marginal ’vein very long; post-marginal vein very short, about 1/14-th of 
marginal vein (Fig. 3); stigmal about twee as long as the postmarginal 
vein; cilia of marginal fringes short, spaced by a distance equal to one- 
fifth of their length. 


Hind-wings. — Hyaline, seven times longer than wide; cilia of marginal 
fringes long, equal to f wing width and spaced by a distance equal to one- 
fifth of their length. 


Fore-legs . — Light orange yellow; outer face of coxae with two long 
setae; apex of femora with a single long seta; basitarsus slightly shorter 
than ’the following two segments combined. 


Middle legs . — Coloration same as on fore-legs; outer face, of coxae 
with three long setae; femora with a single seta near apex; apical rim of 
tibiae with four pegs; tibial spur shorter than basitarsus; basitarsus as 
long as the following three segments combined. 

Hind-legs. Coloration same as on the fore-legs; basitarsus shorter 

than the following three segments put together. 


Abdomen — Orange yellow with five brownish-black cross-bands on 
distal two-thirds; longer than thorax; ovipositor concealed; outer plates 
of ovipositor narrow at base, broad at apex, dorsal margin w th a very 
broad marginal inflexion; second valvifer long; the third element-valvula, 
oblong, immovably continued wth the second valvifer. 
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Measurements — Length of Female 0 717 mm 

Material— Holotype A female specimen bred out on 1 1-8-1956 Also 
two female paratypes reared on different dates The species is an en o- 
parasite of Psendoccocus citn Risso found on Citrus medica L ( Kagzi Itmu) 
at Aligarh, India 
(li) Coccophagus indicus, spn. 

Resembles C mann above described but differs from it in the following 
points 

Head — Post occiput black 

Antennae (Fig 4) — Scape four and a half times longer than wide, 
pedicel shorter than the following segment, about twice longer than wide, 
first funicular segment subequal in length but narrower than the following 
segments , consecutive segments of fumcle and club with 6, 6, 7, 7, 6 and 
5 sensona respectively 

Thorax — Each parapside with 4 setae, scutellum narrow, narrowly 
rounded at apex, about as wide as long, meso postphragma narrowly 
rounded at apex 

Fore-wings — Post marginal vein (Fig 5) very short, about i of stigmal 

vein 

Middle legs —Apex of tibiae without pegs 

Measurement— Length of Female 0 83 mm , 

Material — Holotype One female bred out on 15-9-1956 Endopara 
site of Pseudococcus citri Risso on Citrus medica L ( Kagzi limit) at Aligarh, 
India 

(ui) Coccophagus diaspidts, spn 
Female 

Head (Figs 6 A and 6 B) — Dark brown with yellowish orbito*occi 
pital, ocellar, medio frontal and facial lines, postocciput, cheeks rusty, 
head broader than long, fronto vertex horizontal, about twee as wide as 
long, ocelli in acute angled triangle, basal ocelli removed from eye rim 
by more than one and one half times their distance from the occipital margin , 
eyes globular, about as wide as long, cheeks narrower than eye-width, 
antennal sockets removed by about their longitudinal diameter from the 
facial margin, scrobes deep, convergent but not meeting above 

Antennae (Fig 7) —Dark brown with an almost white scape; scape 
very slightly compressed, about three times as long as wide, pedicel slightly 
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longer than wide, slightly shorter than first funicular segment ; first funicular 
about as wide as long, the second slightly wider than long, the third clearly 
wider than long; club three-segmented, about two and one-third times 



Frcs. 1-11. Figs. 1-3. Coccophagus manii, sp.n. Fig. 1. Head vertical view. Fig. 1 B. 
Head facial view. Fig. 2. Antenna. Fig. 3. Venation of fore-wing. Figs. 4-5. Cocco- 
phagus indicits, sp.n. Fig. 4. Antenna, Fig. 5. Venation of fore-wing. Figs. 6-8. Cocco- 
phagus diaspidis, sp.n. Fig. 6 A. Head vertical view. Fig. 6 B. Head facial view. Fig. 7. 

Antenna. Fig. 8. Venation of fore-wing. Figs. 9-11. Coccophagus citrl, sp.n. Fig. 9 A. 
Head vertical view. Fig. 9B. Head facial view. Fig, 10. Antenna.' Fig. 11. Venation of 
fare-wing, ...... - — • - 
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longer than wide, shorter than furucle, the consecutive segments of fumcle- 
club with 6, 8, 8, 6, 8 and 4 sensona respectively 

Thorax —Uniformly coloured dark brown, black on the scuto scutellar 
suture, pronotum broad, of uniform width with anterior margin notched 
in middle, posterior margin convex, scutum with 8 rows of setae, parap- 
sides and axillae with 4 and 2 setae each, meso-postphragma narrowly 
rounded at apex propodeum narrow in the middle 

Fore wings — Hyaline but infuscated from the marginal vein up to the 
posterior margin of wing, costal cell narrow, submarginal vein very long, 
slightly shorter than marginal vein with 7 long setae and 21 bullae, post 
marginal vem \ery short, $ of stigmal vein, stigmal vein (Fig 8) almost 
sessile, marginal fringes moderate about 1/7 of wing width, cilia spaced 
by a distance equal to one fourth of their length 

Hind Kings —Hyaline slightly less than 5 times longer than wide, 
marginal fnnges long less than \ of wing width, fringe cilia spaced by a 
distance equal to one fourth of their length 

Forelegs — Brownish except for tibiae and tarsi which are whitish, 
apex of femora with a single seta on its inner face 

Middle legs — Coxae, trochanters, femora excepting apex and base of 
tibiae brownish, apex of femora and tibiae excepting base and tarsi whitish, 
tibial spur longer than basitarsus 

Hindlegs — Coxae, trochanters, femora and tibiae dark brown, tarsi 
light brownish , coxae with three long setae on its outer face 

Abdomen — Dark brown with inter segmental areas yellowish , sub-oval 
longer than thorax, ovipositor almost concealed, outer plates narrow at 
base, broad at apex with dorsal margin indexed , second valvifer elongated , 
valvula oblong immovably joined with second valvifer 

Measurement —Length of Female 0 991mm 

Material— Hobtype One female bred out on 19-9-1959, Paratypes 
Several females bred out on 14-1-1960 An endoparasite on a scale — Dias 
pis sp occurring on Saccharum spontaneum L ( Kans ) at Aligarh, India 

Discussion 

C diaspidis, sp m runs down in Compere’s (1931) key up to C rusti 
Compere, but differs from it in the following characters 
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C. rusti Compere 


C. diaspidis, sp.n. 


1. Antennae black. 

2. Pedicel one and one-half times longer 

than wide. 

3. Pedicel one and one-half times as long 

as the first funicular segment. 

4. First funicular slightly more than twice 

as long as wide. 

5. Third funicular slightly longer than 

wide. 

6. Infuscated patch on fore-wings inter- 

rupted by a diagonal hyaline streak. 

7. Hind coxae, trochanters and femora 

yellow. 

8. Tarsi brownish. 

9. Median part of metanotum and pro- 

podeum yellow. 


Antennae brown. 

Pedicel slightly longer than wide. 

Pedicel shorter than the first funicular. 

First funicular almost as as long as 
wide. 

Third funicular clearly wider than 
long. 

Infuscated patch on fore-wings not 
interrupted by hyaline streak. 

Hind coxae, trochanters and femora 
brown. 

Tarsi whitish. 

Metanotum and propodeum brownish. 


(iv) Coccophagns citri, sp.n. 

Resembles C. diaspidis sp.n. but differs from it in the following 
characters : 

Female 

Head{ Figs. 9 A and 9 B).— Black with bluish-sheen over frons and face; 
eyes reddish; medio-frontal line wanting; fronto-vertex less than twice as 
wide as long; basal ocelli very close to the occipital margin, more than 
twice this distance from eye-rim. 

Antennae (Fig. 10).— Black; scape more than three times longer than 
wide; pedicel clearly longer than wide, much shorter than the following 
funicular segments; first funicular longer than wide, the second as long 
as wide, the third wider than long; funicle and club with many sensoria. 

Thorax. Black with bluish-sheen over dorsum and on sides; propo- 

deum of uniform width. 
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Fore-wings — Submarginal vein with 5 setae and 24 bullae post- 
marginal vein developed, shorter than stigmal vein (Fig 1 1) , marginal fringes 
short, about one tenth of wing width 


Hind wings— ' Wide, less than four times longer than wide, marginal 
fringes short, less than l of wing width 

Fore legs— Blackish except for the tibiae and tarsi which are whitish 


Middle legs— Coxae, trochanters, femora and basal half of tibiae 
dark brown, apical half of tibiae and tarsal segments white, tibial spur 


shorter than basitarsus 

Hindlegs— Coxae, trochanters, femora and tibiae dark brown, tarsi 


white 

Abdomen —Dark brown 

Measurement — Length of Female 1 065 mm 


Material— Holotjpe One female bred out on 20-8-1957 Also kept 
three female paratypes bred out on different dates Hndoparasite on -cane 
mealy bug, Sacchancoccus sp on Sugarcane at Aligarh, India 


II New Forms under Genns Prospaltella Howard 

This genus was first described by Howard in 1904 under the name 
Prospalta Ashmead (1904) gave it the present name, since Prospalta was 
preoccupied by a Lepidopterous genus (De Santis, 1948) It is close to 
Aspidiotiphagus Howard, but can be separated from it by the fringes of the 
fore-wings being narrower than the width of the wing Pronotal characters 
as indicated by Alam (1956), further help one in their differentiation From 
Encarsia Foeister, to which it is also closely related, it can be separated by 
the following recently suggested generic characters, viz , subgenital .plate 
with the anterior margin straight, the posterior margin convex, gradually 
narrowing posteriorly, and without a median notch, outer plate of ovi- 
positor narrow at base broad and truncated at apex with a very narrow 
inflexion along the dorsal margin, extending up to f of its length 

Prospaltella seems to be a connecting link between Coccophagus and 
Aspidiotiphagus The ratio between the length of the marginal cilia to that 
of the interspace between them, which is 1 7 m Prospaltella, 1 4 m Cocco- 
phagus and 1 * 14 in Aspidiotiphagus, appears to be sound enough for the 
separation of these genera 

Mercets (1912) key to the species of Prospaltella How has been revised 
as below to include P siUoodensu Alam and the three new species. 
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Revised Key to the Species of Prospaltella Howard based on Females 

1 . Fore-wings with indication of post-marginal vein 

Fore-wings without indication of post-marginal vein 

2. Pedicel twice or more than twice as long as wide; club much longer 

than the preceding two funicle segments combined; third funicular 
segment longer than the second 3 

Pedicel as long as wide ; club as long as the preceding two funicular 
segments united; third funicular segment as long as the second; 
body light yellow; wings hyaline p. labor ensis How. 

3. Body dark brown; antennae dark brown; fore- wings dusky; pedicel 

more than twice as long as wide, as wide as the first funicular segment; 
first funicular slightly longer than wide; club longer than pedicel and 
funicle united ; post marginal vein more than one-half of stigmal vein 
' P. silwoodensis Alam. 

— Body yellow; antennae light yellow; fore-wings hyaline; pedicel 
twice as long as wide, wider than first funicular segment; first 
funicular almost one and one-halftimes longer than wide; club clearly 
shorter than pedicel and funicle united; post-marginal vein less 
than one-half of stigmal vein P. pseudococci, sp.n. 

4. Fore-wings hyaline; antennae uniformly colored orange; marginal 

vein slightly shorter than submarginal vein 6 

— Fore-wings hyaline with infusca ted areas; antennae in part brown, 
dusky or white; marginal vein much shorter than submarginal 
vein 5 

5. Antennae brownish with the second and the third funicular segments 
whitish; fore-tibiae with a dusky band; basal two tarsal segments 
dusky; middle and hind tibiae with two dusky bands; basal tarsal 
segments dusky; fore-wings infuscated at base and another triangular 
infuscation with its apex at the stigmal vein and base at the posterior 
margin of the wing; hind-wings with marginal cilia longer than their 

P. murtfeldtii How'ard. 

—Antennae with first funicular segment and third club segment brown 
and the rest fuscous; legs uniformly colored light orange with 
the exception of the basal half of hind coxae which is brown; fore- 
wings hyaline at base and apex; infuscations at the marginal and 
stigmal veins extending up to the posterior wing margin, hind 


N> 
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wings with marginal cilia clearly shorter than the wing width 

P oriental is, sp n 

6 Funicular segments of equal length, pedicel narrower than the width 
of the first funicular P conjugata Masi 

—First funicular segment shortest and least wide, pedicel one and 
one half times wider than the first funicular P citri, sp n 

Key to the Species of Prospaltella Howard based on Males 

1 Antennae eight segmented 2 

—Antennae seven segmented 3 


2 Funicular segments of uniform length, third segment three times 

longer than wide p conjugata Masu 

— Funicular segments increase in length distad, third funicular four 

times longer than wide p fihcorms Mercet. 

3 Pedicel as long as the first funicular segment P lucaspidis Mercet 

‘ Pedicel clearly shorter than first funicular segment P pseudococci, sp n 

(1) Prospaltella citn , sp n 
Female 


Yellowish orange, eyes black, head wider than long, fronto- 
vertex broad, about twice as wide as long, eyes bare, slightly wider than 
long, ocelli dark distance of basal ocelli from eye-nm greater than that 
from occipital margin, cheeks short, almost as broad as the transverse 
hva lmeib f ^'’i , sub °“ lar sulure distinct and complete, antennae inserted 
narrow ^ ? h ' '“"S-dmal diameter of the antennal socket , scrobes 

oalDs A*». a marl dlb,es w ‘th two ,eet h and a truncation, maxillary 
palps two-segmented, labial palps unsegmented 

lonc^tSTwIde 8 ^cted orange, scape nearly five tunes 

5 n 0rt SUEh,ly lonEer ,h:m longer than the 
than wide , the second and^lurd l" Umcul f r “8™=“' hottest, slightly longer 
club three secmenieH ~ ,, , ^ se S men t s or almost equal length and width, 
longer than wide the ° C tban tbe fu nicle, more than five times 

2, 2, 3 3 and 3 sen SCCOn fu mcular to the third club segments with 
e, o, a ana 3 sensona respectively 

m=s”r;nrdmktoL C0 '° rCd ye,,0 ^ h -tenor margin of 

axilla with oT "* 8 *-■ 

truncated at apex espectively, meso-postphragma narrowly 
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Fore-wings. — Hyaline; two and a half times longer than wide; sub- 
marginal vein a little longer than marginal vein, with 10 bullae and four 
long setae; marginal vein very long, thick with seven setae; post-marginal 
vein wanting (Fig. 13); stigmal vein short; marginal cilia very long, about 



-QOSmm 


22 


Figs. 12-22. Figs. 12-13. Prospaltella citri, sp.n. Fig. ^ Antfnna ^f fcmll* 

tion of fore-wing. Figs. 14-15. Prospaltella pseudococci, sp.n. *£• • Prospaltella 

Fig. 14 B. Antenna of male. Fig. 15. Venation °f » 

orientalis, sp.n. Fig. 16. Antenna. Fig. 17. Thoracic orsu . • • pint valvifcr 

wing. Fig. 19. Subgenital Plate. Fig. 20. Outer plate of oviposttor. Fig. 21. First valuer. 

Fig. 22. Second valvifer with valvula. 
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one fourth of wing width and spaced by a distance equal to one-seventh 
their length 

Hind wings —Hyaline , cilia of marginal fringes long, more than Wing 
width and spaced by a distance equal to one seventh length of cilia 

Fore legs —Uniformly colored light yellow , outer face of coxae with 
two setae near apex 

Middle legs — Coloration same as on fore legs, apex of tibiae with three 
short pegs, tibial spur shorter than basitarsus 

Hind legs — Coloration same as on fore legs , apex of tibiae with three 
stout setae 

Abdomen — Yellowish orange, with black patches on sides of second 
segment and a median black patch on the apical segment, longer than 
thorax, genitalia concealed, outer plates of ovipositor narrow at base, 
expanded at apex with dorsal margin thickened, the first valvifer sub- 
tnangular with articular knobs slightly prominent , the second valvifer elon- 
gated , the third element — the valvula — long, rounded at apex and immovably 
articulated with second valvifer 

Length of female 0 66 mm 

Material — Holotype One female bred out on 10-9-1956 Endo- 
parasite of Pseudococcus citri Risso found on Citrus medica L (Kagzi hmu) 

ProspalteJIa citri, spn runs down in Mercet’s (1912) key to species 
up to P conjugata Masi, but differs from it m the following particulars 

P conjugata Masi P citri spn 


1 Funicl» segments cylindrical and of 

almost equal length 

2 Pedicel as long as first funicular seg 

mcnt 

3 Consecum e segments of funicle and 

club With 1, 1, 1, 2, 2 and 2 sensona 

respectively 

4 Marginal cilia of hind w mgs shorter 

than wing width 

5 Spur of middle tibiae reaching up to 

one half the length of basitarsus 


First funicular shortest, second and 
third of equal length 

Pedicel clearly longer than the first 
funicular 

Consecutive segments of fumcle-club, 
with 0 2 2, 3, 3 and 3 sensona 
respectively 

Marginal cilia of hmd-wings longer 
than wing width 

Spur of middle tibiae clearly exceed- 
ing one half the length of basi- 
tarsds 
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(ii) Prospaltella pseudococci, sp.n. 

Female 

Head. — Uniformly colored dirty brown with ocelli and eyes black; 
head wider 'than long; fronto-vertex three times wider than long; basal 
ocelli situated at greater distance from eye-rim than from occipital margin. 

Antennae (Fig. 14 A). — Scape whitish, rest of flagellum yellow; scape 
fusiform, a little over four times longer than wide (0-091 X 0-023); pedicel 
twice as long as wide, about twice the length of first funicular segment; 
first funicular shortest, third longest, second and third segments more than 
twice as long as wide ; club three-segmented, about seven times longer than 
wide, shorter than pedicel and funicle united ; consecutive segments of funic le 
to club with 0, 1, 2, 3, 2 and 1 sensoria respectively. 

Thorax. — Uniformly colored rusty; pronotum broad along the sides, 
narrow in middle; mesoscutum with two rows of two setae each, parap- 
sides with a single seta; propodeum of almost uniform width; meso-post- 
phragma narrowly rounded at apex. 

Fore-wings. — Hyaline, slightly less than three times as long as wide ; 
submarginal vein slightly shorter than marginal vein with 13 bullae and 
three setae ; post-marginal vein very short, about one-fifth of stigmal vein ; 
stigmal vein developed (Fig. 15), curved and narrowly rounded at apex; 
cilia of marginal fringes long, spaced by a distance equal to one-seventh 
their length. 

Hind-wings. — Hyaline ; more than seven times longer than wide, marginal 
cilia long, clearly longer than wing width, spaced by a distance equal to 
one-seventh their length. 

Fore-legs. — Uniformly colored light brown. 

Middle legs.— Coloration same as on fore-legs; basitarsus more than 
one and one-half times longer than tibial spur. 

Hind-legs. — Coloration same as on fore-legs; coxae with two setae on 
outer face. 

Abdomen. — Sub-oval, pointed at apex, longer than thorax; brownish 
at base, apex and on sides, whitish in the middle; genitalia concealed, 
cereal plates at the apical one-fourth; outer plates of the ovipositor long, 
narrow at base, broad at apex ; second valvifer elongated. 
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Resembles the female except for the following differences 

Antennae (Fig 14 B) — Pedicel short, about one and one-third times 
longer than wide, clearly shorter than any of the following segments; 
funicular segments longer than wide, first longest, twice as long as wide; 
consecutne segments from the first funicular to the third club with 6, 6, 6, 
5, 5 and 2 sensona respectively 

Fore-wings — Submarginal vein with 14 bullae and two setae; post- 
marginal vein absent 

Abdomen Six fuscous bands, under surface orange at base and apex; 
cereal plates at the apex 

Measurements —Length of Female 0 648 mm 

Length of Male 0 618 mm 

Material— Holotype One female bred out on 28-9-1956 Allotype: 
One male reared out on the same date An endoparasite of Phenacoccus 
icery oides Green found on Rhynchosia mimosa L 

(iii) Prospaltella orientals, spat. * 

Female 


and ev^A^' VCrl “ and frons oranBe; cheeks Wackish; ocelli 
oranAT AA , ° m , put black ' ° raIjmr S"' black; wider than long; 
long AveTS, T ’ l 0 " 5 depressed ’ fronto-vertex mnch wider than 

of bial oL ,fr y Eer WKle; ocel, ‘ in acute-angled triangle, distance 
rr“ S A° m ,ess ,han ha,f lts d 'stanc= tom eye mn; 

at a distant IrZZ ’ZT'i an<=nnae ,nscrted d “e to the oral margin 
socket; scrobes deer**-' 8 * 1 ° the ^"^bidinal diameter of the antennal 

palps two segmented; 'laW ^ S^tS* '“‘ h; ma * lIlary 
fum™hr“ASf and ihe S< tat tw^tT aPCX ’ Ped ' Ce1 ' second and ^ 

first fumcular and third club setineL'? scgmcn,s fuscous; apex of scape, 
more than three limes Inn^r .if™ ** brown; sca P e long, sbghtly fusiform, 
times longer than wide as Ions aA'", d '’J’ CdlCel a ’ ,out one and tbree-fonrth 
first funicular seA™,' J " 8 d 1 “ d second Tu ™ a ^ segments um.ed ; 

thud furucula^wginemAmich °. ne ha P l imes wider than long, second and 

four times as long “wideTLl ^ ,ha , n md == club three segmented, 

funicular to third club se^mnL watt f j“i C a aad pad i ce! combined ; second 
I, 2, 2, 4 and 2 sensoria respectively. 
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Thorax (Fig. 17). — Orange with some irregular brownish patches or 
markings, pronotum, scutum on greater part excepting the anterior margin, 
base of parapsides, axillae, scutellum on apex, sides and middle brown; 
metanotum orange in middle, dark brown on sides ; propodeum orange ; 
mesopleura brown; metapieura orange; sterna orange; pronotum reti- 
culate, anterior margin with a deep notch in middle, posterior margin almost 
straight with cup-shaped depressions on sides; metanotum sculptured; 
axillae subtriangular ; propodeum of uniform width; meso-postphragma 
very broad, truncated at apex. 

Fore-wings. — Hyaline, infuscation extending from the marginal and 
stigmal veins up to the posterior margin of the wing; costal cell broad; 
submarginal vein very long, more than twice as long as marginal vein with 
18 bullae and two setae; marginal vein with eight setae; post-marginal 
vein absent; stigmal vein developed, about one-third of the marginal vein; 
marginal cilia long, spaced by a distance equal to one-seventh their length 
(Fig. 18). 

Hind-wings. — Hyaline, almost five times longer than wide; vein with 
13 bullae; marginal cilia very long, less than wing width; spaced by a 
distance equal to one-seventh their length. 

Fore-legs. — Uniformly colored light orange; coxae with three setae 
near apex on its outer face; apex of tibiae with two pegs. 

Middle legs. — Coloration same as on fore-legs ; tibial spur slightly 
longer than the basitarsus. 

' Hind-legs. — Distal half of coxae dark brown, proximal half of coxae 
and the remaining part of the leg same as on fore and middle legs; each 
tarsal segment with a peg near its apex. 

Abdomen. — Long, narrow at apex; basal one-fourth orange, remaining 
portion dark brown; subgenital plate (Fig. 19) subtriangular, anterior margin 
straight, posterior gradually reduced with a notch in the middle , antero- 
lateral apodemes very prominent; two oblique submarginal ridges extend- 
ing from the notch; -outer plates of the ovipositor (Fig. 20) narrow at base, 
truncated' at the apex with a narrow inflexion along the dorsal margin 
extending up to the basal three-fourths of the plate; first valvifer (Fig. 21) 
triangular with concave base, articular knobs not very prominent, second 
valvifer (Fig. 22) elongated with the valvulae immovably articulated at its 

apex. 

• Measurement. — Length of Female 0 75^ mm. 
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Material— Ho^otype One female reared out on 12-8-1958 Paratypes 
Some females bred on the same date An endoparasite of Aomdiella onen 
tabs Newst found on Eugenia jambolana L ( Jaman ) 

P orientahs sp n runs down in Mercet s (1912) key up to species 
P murtfeldtu Howard, but differs from it in the following characters 


P murtfeldtu Howard p onent ahs spn 


1 Antennae brownish with the third seg 

ment whitish 

2 Scutum with a brown spot in the 

middle 

3 Wings hyaline with infuscatcd base and 

another triangular mfuscation with 
its apex at the stigmal vein and base 
on the posterior wing margin 

4 Hind wings with three long rows of 

cilia third row interrupted at the 
posterior third of the wing 

5 Fore tibiae with an obscure band , 

first and second tarsal segments* 
dusky 


Antennae with the first and second 
segments brown the rest fuscous 

Scutum yellowish orange brownish 
on anterior margin 

Wings hyalme with mfuscated patch 
starting at the marginal and stigmal 
veins and extending up to the 
posterior margin 

Hind wings with two rows of cilia 


Fore-legs uniformly colored light 
brown 


6 «*- - ** 

T tarsal segment uniformly colored 


orange 


III 


IN ' W F0rmS " nto Genus Ercama Foster 
This genus was first descnhpH k„ c 

to Prospaltella Howard but can be hL oers J er in 1878 It is very close 
club Mercet (1912) Compere ” 8 lJJ shed from 11 b y its biarticulate 

this character for separating Encarsia fw? e Sa ° tis (1948) also have used 
further regarded the , PrOS P altdIa DeSantis (be at) 

character for separating the males nf°F ,tl0n ° f the tarsi 25 a fi enenc 
where they are pentamerous Encarsia from those of Prospaltella 

Characters such as fl'i ♦!,» 

antraor nnigu, convex and tic ,j2; emta ? plate atoost ^nlar with the 
postenor ataost “might with a wide notch 
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in the middle and (2) outer plates of the ovipositor slightly expanded and 
obliquely truncated at apex with an oblique ridge running in the middle, 
are suggested at the generic level for its separation from other related genera. 

A new species of this genus has also been described by Prasad (1955) 
from India. 


(i) Eitcarsia narayanani, sp.n.* 
Female 


Head (Fig. 23).— Orange-yellow with ocelli and eyes black, post-occiput 
dark brown, a broad transverse obscure band across the face touching eyes 
on either sides and scrobes below; head wider than long; occipital margin 
rounded; fronto-vertex wide, about one and a quarter times as wide as 
long; ocelli in an isosceles triangle, basal ocelli close to occipital margip, 
one and one-half times this distance from eye-rim; cheeks slightly shorter 
than length of eye; mandibles tridentate; maxillary palps two-segmente , 
labial palps not segmented. 


Antennae (Fig. 24).-Inserted close to the oral margin, orange with 
upper and lower margins of scape brownish, last club segnien s h?h Y 
fumate; scape about five times longer than wide, pedice wi er an 
funicle, as long as club, about one and one-half times on g cr _ _ ’ 

the first funicular segment ring-like, the second shortest, the third, fourth 
and fifth segments of equal length and width; club biarticulate, four 
as long as wide, almost equal to the preceding two segments combined 
consecutive segments from the second funicular to last club segment 
possessing 0, 2, 3, 3, 3 and 2 sensoria respectively. 

Thorax. — Dorsum : Orange-yellow with pronotum ^eyish, sutures, outer 

margins of axillae and expanded portions o propo e anterior 

notum (Fig 25) very narrow in the middle, much expanded on sides, anterior 

margin deeply ind acutely notched in the middle. 

mesonotum with 14-setae, each parapside with 5 setae, metanotum natron, 
band-like; propodeum much expanded on sides. 

Forets (Fig 26 A).-Well-develop=d «»*» 
times as long as wide; hyaline, very s igh y . subrnar - a i ve j n slightly 
marginal vein down to the P ost 1 ma f g ^ Iae and ’ three setae; post-marginal 
longer than the marginal vein with 16 


* Named after Dr. E. S: Narajanatr, 
New Delhi. 


Ex. Head of the Entomology Division, I.A.R.L, 
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vein very short; stigmal vein sessile, rounded at the apex; marginal aha 
long, spaced by a distance equal to one-seventh their length 

Hind-wings (Fig 26 B) -Well-developed, hyaline, more than seven 
times longer than wide , cilia of marginal fringes longer than the wing width, 
interspace between cilia equal to one-seventh their length 

Fore-legs — Uniformly colored whitish, coxae with two setae on 
outer face 



. 007mm, 

Re 25 Pronotum. Fj^S Head view Fig. 24 Antenna. 
F»g. 28 Outer plate of expositor WDg - * Subgenital plate 

the valvula. ^ ^ 29 Fu * «lvxfer Fig. 30 Second valuer Vwth 


Bivins. "wyiicr fig. 30 Second valvifer 

fore -' e8s: tib ' al 

P= E s, fourth tarsal s=gm Cn . J *** baSrtaISUS V 
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Hind-legs. — Coloration same as on fore-legs; coxae with two setae 
on outer face; apical rim of tibiae with six stout setae. 

Abdomen. — Sub-oval, longer than thorax; light orange and fuscous 
on basal half, brown on sides and apical half; genitalia slightly exserted ; 
subgenital plate (Fig. 27) almost semicircular with anterior margin convex 
and posterior margin almost straight with a wide notch in middle; outer 
plates of ovipositor (Fig. 28) slightly expanded and obliquely truncated 
at apex with an oblique ridge running in the middle of the plate ; first valvifer 
(Fig. 29) subtriangular with articular knobs little prominent; second 
. valvifer (Fig. 30) of almost uniform width with dorsal margin thickened 
throughout, the valvula long, rounded at apex and immovably continuous 
with the second valvifer. 

Measurement. — Length of Female .. 0-703 mm. 

Material. — Holotype: One female bred out on 28-8-1956. An endo- 
parasite of Phenacoccus iceryoides Green on Hibiscus rosasinensis L. (Gurhal). 

E. narayancmi, sp.n. runs down up to E. elegans Masi in Mercet’s (1912) 
key, but differs from it by the possession of a pedicel much longer and 
wider than the first funicular segment and of a ring-segment situated bet- 
ween the pedicel and the funicle. 
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Introduction 

One of the principal lines of investigations undertaken at the Central Rice 
Research Institute, Cuttack, is breeding for blast resistance through isolation 
of resistant varieties from the Genetic Stocks. As there are nearly 4,000 rice 
varieties maintained in the Genetic Stocks at the Institute, for convenience 
of handling, the varieties are taken up in lots of about 500 varieties each and 
tested and classified into various groups of relative susceptibility. The 
varieties selected as resistant and moderately resistant in such tests are sent 
to the State Departments of Agriculture for trials of their performance under 
local conditions (Kulkarni, 1959; Venkatakrishnayya and Delvi, 1960; 
Mathur and Misra, 1961). 

The results of the tests carried out during 1948 to 1954 with a first lot 
Of 470 types from the Genetic Stock have been presented earlier (Padmanabhan 
and Ganguly, 1959). These varieties were departmentally released types 
from different Rice Research Stations in India and abroad. In the tests, 
five varieties, viz., Bj-1, Co-4, S-67, SM-6 and SM-9 were classified as resistant 
and sixteen varieties, viz., ADT-12, AKP-8, AKP-9, AS-2, BAM-4, CH-55, 
Co-25, Co-26, CP-6, CP-9, H-755, MTU-5, Mugad-249, PTB-10, S-624 and 
SM-8 were classified as moderately resistant to blast. 

In the present contribution results are presented of such tests carried 
Out from 1954 to 1961 with a group of early duration varieties in the Genetic 
Stocks, maturing within 120 days under Cuttack conditions (21 N.L). 

Material" and Methods 

there are 490 varieties of early duration (maturing- within -120 days) 
available in the Genetic Stocks, a representative -collection of rice accessions 
frOin India and other parts of the world. 


Part l of the series appeared in Proc. Ind. Acad. Sci., 1959, £0B, 289-304. 


287 



288 


S Y Padmanabhan and others 


The material was rapidly screened under artificial inoculation at the 
seedling stage during the first three years in both the main and the second 
crop season (viz , in August and February, respectively) The techniques 
adopted for bringing about artificial infection, scoring the infection, and 
classifying the types into different susceptibility groups were the same as 
evolved and reported in the previous communication in 1959 (Padmanabhan 
and Ganguly, loc at ) 


Besides artificial inoculation tests, all the types were observed for their 
reaction to natural infection of blast at seedling, post planting, and flowering 
stages in the maintenance plots, and the susceptible types were progressively 
eliminated accordingly The varieties which emerged as resistant in the 
screening tests in seedling stage were earned forward to the field tests 

Field Tests 


The field tests were earned out for three successive years with the varieties 
earned forward from the screening tests 

In the seed-beds, the test vaneties were again exposed to artificial infec- 
i°n, a week before transplanting, all the beds were covered with wet coarse 
cloth curtains on sturdy wooden framework to form 5 x8'x6 high humid 
chambers Spore suspension, prepared from a culture of the fungus (Cuttack 
isolate) in oat-meal agar containing thiamine (0 25 mg m 1,000 ml) and 
biotin (0 015 mg in 1,000 ml ) and incubated at about 25° C for 7-12 days, 
was used for the artificial infection of seedling m the beds Artificial infection 
was earned out for three successive days, late m the evening The reaction 
or the vaneties was noted after one week 

the x CarIlCr ’ hcavy blast inC] dence could be induced in 

ration— fiO in fin ik xt? ^ aRCT thc nucJd,e °f August) under adequate fertih- 
either side wih r ^ acre 111 add| hon, the test varieties were flanked on 
which develoned i * IugIlIy susce Pbble variety The blast infection 
for the taneto trad C °'' 3 KmStlt ’ I,ed a hea 'T of inoculum 


abea^ ^ duraUon undcr M» vaneties had been 

in Table L The rcmamm 8 types are classified as shown 
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Table I 

Number of varieties tested and their classification in regard to 


their susceptibility 

to blast 



Number of Number 
types of 

Kind of tests moderately types 

susceptible to moderately 
susceptible resistant 

Number 

of 

types 

resistant 

Number 

of 

types 

unclassified 

1. In artificial inoculation test 
(1954 to 1958) seedling 
stage . . . . 214 



• • 

2. Under field tests (1959 to 

1961) (both foliar and 
neck-infection) . . 23 

8 

4 

92 

237 

8 

4 

92* 


* These 92 varieties out of 341 types could not be classified, for the same were not toted suffi- 
ciently and, therefore, require to be tested in the next such series. The final reaction o ese 
types will be given in a subsequent communication. 


The varieties finally selected as resistant and moderately resistant to 
blast are mentioned in Table II. 

The list of varieties, classified into different susceptibility groups, is 
presented in Table IH. 


Discussion 

Due to the rigorous criteria adopted, aud the elaborate procetoe followed 
in carrying out the tests, only nine varieties, four m the prese. at .tett and A * 
in the earlier series, could finally be selected as resis a discussed 

rice out of more than one thousand varieties stand. s tQ both leaf 

in detail in the first communication, the reaction f resis . 

and neck-infection has been taken into consi era I0 ° tbe see diing 

tance. Amongst the varieties ^Srfertion in the field, but showed 

stage tests, some contmuedasresistent “ The opposite pIien omenon, 

various degrees of susceptibility to neck ^ tQ ^-infection has also 

viz., susceptibility to leaf-infectionb conducte d with varieties 

been met with by the senior author mo 
drawn from all parts of the world. 

B5 
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Table II 

List of varieties selected finally as resistant or moderately 
reststant to blast disease of rice 


SI AC Type Name of Place of Reac- 

No No No variety ongin tion 


1 

27 

CH-27 Chang Ming Yunan 

China 

MR 

2 

28 

CH-28 Si Kong-Ya an (Red 
husk) 

China 

R 

3 

71 

CH 71 KaoshiungNo 18 

China 

MR 

4 

533 

Jap-7 Aichi Asahi 

Japan 

*> 

5 

1613 

T-1446 Surh Black 

S Canara (India) 

R 

*6 

1771 

T-1715 

Belgian Congo 

MR 

7 

1966 

T-2009 

UP (India) 

MR 

8 

2082 

Scluz 44 

Australia 

R 

9 

2250 

T 6522 

Coimbatore (India) 

MR 

10 

2489 

Nep-vai 

Indo-China 

MR 

11 

2565 

T-1026 

Coimbatore (India) 

MR 

12 

2597 

T-1160 

Coimbatore (India) 

MR 


R - R “ S “ > AC — Accession 


we en seedlinc reach ,’ ®" du ’ e 1,131 there was a close correlation bet- 
have been led to thc^ 31111 ! twclve vaneUes which they studied, 

upon seedling reaction nb, US1 °V hat t=SUl,g for resistance could be based 
than variability, the latter nhe„ SU1K S “ Ch * “delation is more common 
or a limited numher r nomenon ma y not occur when the reacUons 
Umber of vanct ' es oily are taken into consideration 

on Blast Duea'sfof^ce'Vi^phih^ ''“s I9 ?’ Internatlnoal Symposium 
Hashiota (1950), also shows that ,J? P B) a “ d m Form osa (Taiwan) by 
manner to leaf and to neck mfrrt " va ?5 tI<:s do not react always m the same 
to neck-infection Therefore, ,t is very necessary to test 
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for both leaf- and neck-resistance to blast before a variety can be turned as 
“resistant” and released for cultivation. 

Summary 

1. Screening tests were carried out with 490 early duration varieties 
to isolate varieties resistant to blast disease of rice. 

2. On the basis of the reaction of the varieties in the seedlings, post- 
transplanting and neck-infection stage, four varieties have been selected finally 
as resistant and eight as moderately resistant to blast disease of rice. 
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(Communicated by Dr. B. S. Bhimachar, f.ajc.) 

Introduction 

The morphology and histology of piscine pituitary has been reported from 
time to time but much less as compared to the voluminous work on mammals, 
birds, reptiles and amphibians (Pickford and Atz, 1957). While the morphology 
and histology of the fish pituitary has engaged the attention of workers like 
Herring (1908, 1913), Tilney (1911), Stendell (1914), deBeer (1923, 1926), 
Mathews (1936, 1939), Charipper (1937), Bell (1938), Scruggs (1939, 1951), 
Kerr (1942 a , b, 1943, 1948), Atz (1953), Olivereau (1954), Sathyanesan (1958, 
1960 a, b), Sundararaj (1959), Robertson and Wexler (1962 a, b), the study 
of the histophysiology of the gland in spite of its importance is still in its 
infancy. The paucity of a thorough knowledge of this gland has always 
been a hurdle in understanding the reproductive physiology of fish. The 
interrelationship between the pituitary and gonads has been well established 
since the work of Houssay (1931), Cardoso (1934), Pereira and Cardoso (1934), 
Ihering (1937), Ihering and Azevedo (1934). The observations made by 
the above authors have given great impetus to the experimental work on the 
control exercised by pituitary over the gonadial development and also on 
the use of the pituitary hormone as a ripening agent to induce spawning or 
spawning behaviour in fish. Chaudhuri (1960) and Alikunhi ct al. (1960) 
have successfully induced the Indian major carps to breed in captivity with 
the help of pituitary hormone injections. 

Very little attention has been paid to the histology and histophysiology 
of pituitary of the Indian major carps, which are the most important species 
used in inland fish-culture. Practically no information is available on the 
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histophysiological factors responsible for inhibiting the breeding of Indian 
major carps in impounded waters Khan (1962) briefly describes the morpho- 
logy and histology of the pituitary of Labeo rohita and attempts to draw some 
conclusions on the functional anatomy of the gland The investigations 
reported in this account have hence been taken up with a view to gain insight 
into the seasonal changes that take place in the cellular composition of 
pituitary of one of the Indian major carps, Cirrhma mngala (Ham ), to assist 
a better understanding of the probable histophysiological factors responsible 
for the release and inhibition of the spawning behaviour in lotic and lentic 
environments respectively 


Material and Methods 

The samples of the pituitanes were collected from the fish of different 
maturity stages from the Vaisle nver (30 miles from Gwalior) To remove 
the pituitary, the dorsal portion of the brain was exposed in a live fish by a 
deep incision removing the tissues and the bones The brain was later removed 
with a spatula The pituitary gland thus exposed was removed by means 
of a fine pair of forceps and immediately transferred to various fixatives 
With a little practice the entire operation could be completed in a couple 
of minutes Paraffin sections were prepared from the material fixed in Bourn’s 
picroformol, Zenker-formol, Helly’s fluid, neutral formalin, 80% alcohol 
and Camoy’s fluid for various histological and histochemical tests Gelatin 
sections of the material fixed in formol calcium (Baker, 1946) with or without 
postchronung were studied for lipid and carbohydrate tests Anderson’s 
modification of Mallory’s triple stain, Heidenhain azan, Mallory’s triple 
stain, Mallor> -Heidenhain and Foot’s modification of Masson’s tnchrome 
techniques w ere used to distinguish the acidophils from the basophils Periodic 
acid schiff test (McManus, 1946) and aldehyde-fuchsin (AF) method of 
Gomon (1950) as well as its modification (Halmi, 1952) with Lugol’s iodine 
and/or potassium permanganate oxidation to distinguish thyrotrophs from 
gonadotrophs were also conducted 

The following were the histochemical methods employed during the 
present investigations — 

For lipids — (1) Sudan black B alcoholic modification (Baker, 1949) 
Some sections were also stained with other lipid colourants as described m 
the text 

(2) Acid haematm test (Baker, 1 946) with pyridine extraction control 
method for phospholipids 
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For carbohydrates . — Periodic acid-schiff test (McManus, 1946; Hotch- 
kiss, 1948) as given by Pearse (1960) with the acetylation technique 
(Lillie, 1954) was earned out on formol-calcium-fixed gelatine sections as 
well as on Bouin-fixed paraffin sections. 

For amino-acids . — (1) Bensley and Gersh modification of Millon reaction 
(Pearse, 1950) for tyrosine. 

(2) Baker’s modification of Millon reaction (Pearse, 1960) for tyrosine. 

(3) Ninhydrin-schiff method for protein-bound NH 2 groups (Yasuma 
and Itchikawa, 1953). 

For nucleic acids. — (1) Feulgen reaction (Pearse, 1960) for DNA. 

(2) Methyl-green/pyronin and ribonuclease method for RNA (Brachet. 
1942). 

(3) Methyl-green/pyronin Y method for RNA and DNA (Kurnick, 
1955). 

(4) Gallocyanin-chromalum method for nucleic acid (Einarson, 1951). 

(5) Extraction methods for nucleic acids (Casselman, 1959 ; Pearse, 1960). 

Observations 

General morphology and orientation of the pituitary and its parts. — The 
pituitary of Cirrhina mrigala (Hamilton) is spherical in shape in smaller 
individuals becoming approximately pear-shaped in adults (Plate XII, A). It 
is situated ventral to the brain enclosed in a saddle-shaped excavation of the 
cranial floor — the sella turcica. Such a cavity has been reported in a few 
fish only and this condition approaches that associated with mammalian 
pituitary. This is a compact gland covered dorsally and ventrally by connec- 
tive tissue membranes. The floor of the infundibulum is produced into a 
cone-shaped structure representing a short and thick infundibular stalk. 
Thus it is of lepto-basic type according to Bretschneider and Duyvene de 
Wit’s (1947) nomenclature. The infundibular stalk pierces through the 
connective tissue membrane and is attached to the pituitary in the mid-dorsal 
region, i.e., dorso-basic type. Due to the presence of protective membranes 
it has been possible to remove the gland alone, without any injury. 

The pituitary of Cirrhina mrigala is composed of nervous and glandular 
components known as neurohypophysis and adenohypophysis (pars glandu- 
laris) respectively. The neurohypophysis which is also called as pars nervosa 
sends its branches into the glandular components of the adenohypophysis. 
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The adenohypophysis consists of three well defined regions, viz , pro , meso- 
and meta adenohypophysis (Pickford and Atz, 1957) The meta adeno 
hypophysis is demarcated from pro and meso adenohypophysis by a deep 
suture (Plate XII, B) There is no such morphological differentiation between 
pro and meso adenohypophysis but the two regions can, however, be 
distinguished histologically The three regions are orientated along a hneo- 
vcrtical (anteno-ventral) axis (Plate XII, B) as in trout and salmon (Robertson 
and Wexler 1962 a b) and in Calhchrous pabda (Singh and Sathyanesan, 
1962) The pro adenohypophysis which is the smallest region is situated 
anteriorly capping a portion of the meso adenohypophysis which hes 
posterior to the pro-adenohypophysis but also extends to its dorsal and 
ventral extremities The meta adenohypophysis hes ventral to the other 
two regions 

Histology of the Pituitary 

The sagittal sections of the pituitary reveal four histologically distinct 
parts \iz , pro , meso and meta adenohypophysis and neurohypophysis 
(Plate XII, B) A significant feature is the absence of hypophysial and infundi- 
bular cavities m the pituitary proper 

Pro-adenohypophysis —This is the smallest part of the hypophysis and 
is anterior in position The cells mainly take the orange G or azocarmine 
stain depending on the tune of differentiation, fixation and the technique 
used and are thus acidophils (Levenstein, 1939, Scruggs, 1939) A few cells 
were found to take aniline blue stain showing thereby that this region does 
not possess many basophil cells However, chromophobes are found 
scattered here and there These look like naked nuclei due to the scanty 
non granular cytoplasm and ill-defined cell limits The cells vary m size 
between six and eight micra in diameter and show centrally placed nuclei 
Tc\cabng the chromatin granules m some preparations These cells are 
periodic acid schiff (PAS) and aldehyde fuchsin (AF) negative AF method, 
it performed after potassium permanganate oxidation, stains neurohypo- 
physial branches deep blue, thus rendering its distributional study very easy 
The cell columns of the ventral region of the pro adenohypophysis are sepa 
rated by the basophil cells of the meso-adenohypophysis (Plate XIII, A) These 
bascphil cells apparently appear to belong to pro-adenohypophysis but 
actually they arc the cells of meso adenohypophysis which probably did not 
segregate completely during the development of the gland (Scruggs, 1951) 
These cells are stained with AF and PAS techniques and reveal colloid bodies 
( coagulated contents of the vacoules ’) inside the cells which are of different 
sizes and vary in number No * lilac basophil ’ cells are present. 
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Meso-adenohypophysis . — The meso-adenohypophysis is made up almost 
entirely of interspersed masses of large and deeply staining basophil and 
acidophil cells. The acidophils which average between six and eight micra 
in diameter are of two types, viz., fuchsinophil and orange G cells. The 
basophils are of various sizes and shapes ranging from a small round cell to 
those irregularly shaped and measuring from sixteen to twenty micra in dia- 
meter. The nuclei of small cells are generally round and lie in the middle 
but in larger cells they are found to be on one side thus causing a bulging of 
the cell membrane. The nuclei are rarely stained. The granulation of these 
cells varies at different maturity stages. Immediately before spawning, 
each cell shows maximum granulation and intense colouration. However, 
some of them may show less colouration — probably due to degranulation 
(Sundararaj, 1959). The large vacuoles are easily discernible (Plate XIII, D, F). 
In the present study the basophil cells could not be differentiated into the 
two main functional cell types — the gonadotrophs and thyrotrophs by the 
application of PAS and AF methods as reported by Atz (1953). These cells, 
however, could be distinguished into two types, one with colloid-bodies and 
the other without. The peripheral cells reyeal globules of different sizes 
which are stained with PAS (Plate XIII, C). The largest of these globules 
measures up to twelve micra in diameter. These globules may either be found in 
the cells directed towards the branches of the neurohypophysis (Plate XIII, C) 
or may be intercellular also (Plate XIII, E). However, they were not located 
inside the neurohypophysial branches. They increase in number and size 
with the advancement of maturity and probably reach the maximum just after 
spawning (Plate XIII, E). Mostly the colloid-globules in the peripheral cells 
are acidophilic but some of them may be basophilic or even show duplex 
nature, i.e., the medullary region is made up of acidophilic material with a 
basophilic cortex (Plate XII, F). Each of the basophilic cell present in the central 
region of the meso-adenohypophysis may reveal a colloid-globule which 
may be completely acidophilic or basophilic. These globules which are 
minimum in number and size in the first and second stages of maturity increase 
in size and number as maturity advances, finally attaining maximum size 
and number in the fifth and sixth stages of maturity (Lai, 1962). The pitui- 
taries collected from the spent fish reveal the vacuoles in the central basophilic 
cells in place of colloid-bodies, thus suggesting that the latter possibly play 
some role in initiating the spawning behaviour or spawning act in the fish. 
No colloid-bodies are present in the acidophil cells. The chromophobes 
are few and interspersed among the basophils or acidophils. The blood 
supply is represented by capillaries as well as by large blood sinusoids 
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(Plate XIII, F) The increase in number of basophils and their vacuolization 
is found to be directly proportional to the maturation of the gonads 

Meta-adenohy pophysis —The meta-adenohypophysis receives the mam 
trunk of neurohypophysis which branches extensively (Plate XII, B, C) in this 
glandular region so much so that it occupies more than half of the volume 
in this region, and is closely knit with the nervous matter This portion 
consists mainly of acidophil cells This condition which has been reported 
in a few fish is discussed in detail elsewhere in this account The cytoplasm 
of these cells contains fine granules taking red or orange colour, depending 
upon the technique and time of differentiation The vacuoles are conspicuous 
by their absence in all the stages The chromophobes, as in other regions, 
are discernible here and there but their number is comparatively less The 
4 amphiphils ’ are absent The basophils which have always been reported 
as being either the sole or mam constituents of this region as reported in 
Furtdulus sp (Mathews, 1936) and in Mystus seenghala (Sathyanesan, 1960 a) 
are absent in the present case 

The acidophil cells measuring approximately between six and eight micra 
in diameter may be distinguished into two types with the help of Mallory- 
Heidenham and Mallory triple stains The central cells take the fuchsinophil 
colour, whereas the distal cells, i e , those opposite to the meso adenohypo- 
physis, take the orange colour The nuclei of acidophil cells are placed on 
one side rather than in the centre However, they are spherical or oval in 
form The nuclei reveal the presence of small chromatin granules The 
two types of cells are almost similar in structure They may be present in 
groups or in cords arranged along the neurohypophysial branches separated 
by thin sheaths of connective tissue The cells are mostly produced into 
cone-shaped structures when their apices face the neurohypophysial branches 
Small blood capillaries containing red blood corpuscles are associated every- 
where with the neurohypophysial branches in this region of the carp’s 
pituitary (Plate XII, E) 

The chromophobes are also present among the acidophils with large 
\esicular, centrally placed nuclei containing the nucleoli The chromatin 
granules are also re\ealed m some preparations But as the cytoplasm is 
very scanty and non-granular, they look like naked nuclei The cell walls 
are not very disUnct The acidophil cells are PAS-negative The neuro- 
hjpophysial branches arc clearly revealed with aldehyde fuchsin (AF) technique 
of Gomort (1950) when used after potassium permanganate oxidation 
Ncuroh)popk}sis (pars nervosa) —The infundibulum is continued into 
the adenohypophysis (pars glandularis) as neurohypophysis It sends small 
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branches to the pro- and meso-adenohypophysis. The main trunk passes 
downward through the middle of the meso-adenohypophysis — dividing the 
latter into two halves (Plate XII, D) and enters the meta-adenohypophysis where 
it arborizes extensively as shown in Plate XII, C. Thus all the three glandular 
regions are well innervated by the ramifications of the neurohypophysis. 

The neurohypophysial portion passing through the middle of the meso- 
adenohypophysis reveals thick nerve fibres which may be straight or wavy 
extending lengthwise along the main trunk (Plate XII, D). It contains the 
nuclei of neuroglia cells as found in other fishes. Large blood vessels contain- 
ing red blood corpuscles are also present in the main trunk of the neurohypo- 
physis (Plate XIII, B) as well as along the branches supplying the hypophysis. 
The presence of large blood vessels in the neurohypophysis between meso- 
and meta-adenohypophysial region as shown in Plate XIII, B suggests that the 
blood supply enters the pars nervosa near the cleft between meso- and meta- 
adenohypophysis. Such an observation has also been reported in case of 
Cyprinus carpio (Scruggs, 1951). The meta-adenohypophysis is extensively 
supplied with blood capillaries — a rare observation which will be discussed 
later on. 

The neurohypophysial distribution is clearly revealed by AF method of 
Gomori (1950) and its modification by Halmi (1952) after potassium per- 
manganate oxidation. With this technique the various branches of the 
neurohypophysis containing small bodies of different sizes, coloured deep- 
violet, can be easily made out. These bodies could not be made out by any 
other technique adopted during the present investigations. The thin 
connective tissue sheath limiting the neurohypophysial branches are 
moderately coloured with PAS technique of McManus (1946). 

FL'STochemical Observations 

Carbohydrates . — The basophil cells which are predominant in the meso- 
adenohypophysial region are coloured brilliantly with periodic acid-schiff 
(PAS) technique after McManus (1946) and AF method of Gomori (1950) 
with potassium permanganate oxidation both in the gelatin sections of the 
formol-calcium-fixed post-chromed material as weli as in the paraffin sections 
of the material treated with various fixatives. The strong PAS-positive 
reaction of granules scattered throughout the cytoplasm and the globular bodies 
(colloidal material) inside the basophil cells indicate their carbohydrate nature. 
The globules appear more intense (deeply stained) than the granules. This 
colouration of the cytoplasmic granules and the globular bodies of the basophil 
cells with PAS is not diminished after the treatment with any of the lipid 
solvents such as cold or hot acetone or hot alcohol or methanol/chloroform, 
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etc This together with their negative reaction to the hpid colourants (vide 
infra) shows that these cytoplasmic inclusions are composed of or contain 
some carbohydrate material, and their positive reaction in PAS is not due 
to the presence of any lipids This point is further confirmed by the acety- 
lation technique of PAS reaction (Lilhe, 1954) The control sections, which 
were treated with a mixture of pyridine and acetic anhydride, always gave a 
completely negative reaction or, at least, diminished to a great extent m 
Schiffs reagent, but their colouration was restored after treatment with 
20% ammonia in 70% alcohol at 37° C for 24 hours, whereas in the sections 
treated with 0 1 N-KOH the restoration of the colour was incomplete and 
did not give uniform results It may be pointed out here that the colouration 
of the globular bodies after acetylation technique is not restored whatever 
the reversal technique followed Thus, according to the arguments put 
forward by McManus and Cason (1950), this colouration of the cytoplasmic 
granules is due to the presence of 1 2 glycol group, whereas the globules 
do not possess this group but some other carbohydrate These globules 
also give positive test with the nmhydnn-schiff test (Pearse, 1960) indicating 
the presence of proteins, containing NH t groups It is possible that these 
cytoplasmic inclusions of basophil cells are some protein-carbohydrate 
complex, and further work in this direction is being taken up 

The cells in the pro-adenohypophysis and meta-adenohypophysis are 
completely PAS-negative No orange G cell in meso-adenohypophysis, 
as described by Matty and Matty (1959) in the case of Pseudoscarus and 
Scams , is PAS positive m the present case Though the neurohypophysis 
is PAS-negative, the thin connective tissue sheaths enveloping the neuro- 
hypophysial branches are moderately coloured, thereby rendering the distri- 
butional study of its branches or elements easier This shows that in 
C mrigala all the basophils are PAS positive and contain carbohydrates, 
while no acidophil cell of the adenohypophysis is PAS-positive, i e , not 
containing any carbohydrate 

proteins — For the detection of proteins, containing tyrosine, the Millon 
rcacUon as modified by Bensley and Gersh (Pearse, 1960) was earned out 
but this did not reveal the presence of any tyrosine m the pituitary cells 
Similar results were obtained when Baker’s modification of Millon reaction 
(Pearse, 1960) was employ ed The negative reaction in these two tests suggests 
that either tyrosine is absent or is not present m sufficient quantity to be 
detected by these histochemica! methods Ninhydnn-schifT method for 
protein-bound NH, group (Yasuma and Itchikawa, 1953) earned out on the 
paraffin sections, however, gave slight positive test with basophilic granules 
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and moderately positive reaction with the globular bodies of the basophil 
cells. 

Thus it may be inferred that the cytoplasmic inclusions of the basophil 
cells are carbohydrates containing proteins or glyco-proteins in nature. 

Nucleic acid . — To detect the presence of ribonucleic acid (RNA) and 
deoxyribonucleic acid (DNA) different techniques as given in the section 
‘ Material and Methods ’ were employed. The nuclei of red blood cell 
corpuscles revealed the presence of much DNA in them, whereas no other 
element of the pituitary cells showed the presence of this acid. Even the 
nuclei of acidophil or basophil cells gave negative reactions for the acid. 
The concentration of RNA was also less, because only the basophil granules 
and the globular bodies were slightly tinged. 

Lipids. — Sudan black B test in 70% alcohol (Baker, 1949, 1956) or in 
propylene glycol (Chiffelle and Putt, 1951) was employed on the gelatin 
sections prepared from the pituitaries of different maturity stages of fish and 
fixed in formol-calcium with or without postchroming. These gave negative 
results in all stages except in the V and VI stages (Lai, 1962) where a few 
round, positive and prominent bodies may be present irregularly. Acid 
haematin test (Baker, 1949) for phospholipids also showed postiive reaction 
in V and VI stages only where cells along the fine branches of neurohypophysis 
showed positive granulation. This was negative after pyridine control 
method. From this it may be concluded that a little quantity of lipids (mostly 
phospholipids) develop in the later stages only, the presence of which is very 
obscure and difficult to explain. In the material extracted with hot acetone 
or ether the positive reaction to Suden black test is given by the adenohypo- 
physial cells in all the stages. But in view of the negative results with the 
material fixed in formol-calcium, these positive results are suspect and 
cannot be taken into consideration as due to lipids. 

Seasonal Changes in the Pituitary Components 

As the development of the gonads proceeds towards the final maturity 
stage, certain morphological and histological changes take place in the carp’s 
pituitary. The changes observed in C. mrigala are described below under 
three headings, viz., (1) early maturity stage (stages I and II of Lai, 1962); 
(2) maturing stage (stages III and IV of Lai, 1962); and (3) final maturity 
stage (stages V and VI of Lai, 1962). 

Early maturity stage. — The cells of all the regions are small and the 
neurohypophysial branches are not very prominent. Blood supply also is 
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not well developed The colloidal material is not generally present in the 
basophil cells of the meso-adenohypophysis The nerve fibres are very fine 

Maturing stage —There is a definite overall increase m the pituitary 
components The basophil cells in the meso-adenohypophysis increase m 
number corresponding with the increase in the size of meso-adenohypophysis 
Their size also becomes progressively bigger Some of these cells show 
colloid-bodies Acidophils have decreased in number The tree-hke 
branches of the neurohypophysis in the meta-adenohypophysis has been 
established by now The nerve fibres instead of being finer have become thicker 
The suture between meso, and meta-adenohypophysis has made its appearance 
The cytoplasm of basophil cells of meso-adenohypophysis becomes more 
granular and stains intensely The cells in the pro- and meta-adenohypophysis 
do not show any marked change However, the size of these two regions also 
increases a little 

Final maturity stage — The histological changes in the pituitary are very 
important and prominent when the carp reaches full sexual maturity The 
meso-adenohypophysis now occupies twice the area of meta-adenohypophysis 
There is a marked increase in the basophil cells of the meso-adenohypophysis 
and a corresponding decrease m the number of acidophil cells, which are 
present now in small islets The basophil cells increase very much in size— 
the largest measuring twenty nucra m diameter The transitional stages 
between completely degranulated and fully granulated basophils are available 
The basophils in the central region reveal large vacuoles in place of the colloid- 
bodies, and those at the periphery reveal in each cell one or more colloid- 
bodies measuring up to twelve micra in diameter The meta adenohypophysis 
does not show any detectable change However, the blood vessels have 
increased very much m number and size to cope with the larger size of the 
region The coarse fibres of the neurohypophysis are in striking contrast 
to the fine nerve fibres present m early stages Degenerative changes in the 
pituitary basophils like vacuolization, pycnosis, loss of cytoplasmic granules 
ard disappearance of their nuclei are evident 

In the pituitanes collected from fish one hour after spawning the basophil 
cells at the periphery of the meso-adenohypophysis showed the maximum 
number of colloid bodies m addition to the above-mentioned degenerative 
features 


Discussion 

The teleost pituitary exhibits wade vanations from species to species 
v ith regard to the topographical arrangement of the mam lobes of the gland, 
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the shape and' size of the pituitary and its attachment with the brain, the 
distribution of the nervous elements and blood vessels, and the characteristic 
cell types present in each region. The attachment of the pituitary with 
the brain, by means of an infundibular stalk or without it is significant from 
the view-point of evolutionary status of the gland. In C. mrigala, the pituitary 
has been found to be attached with the brain by means of a short and thick 
infundibular stalk. This condition is considered to be an advanced condition 
(Bell, 1938). In the primitive types, the gland is closely attached to the 
brain floor without any definite stalk (Charipper, 1937). Such a condition 
is found in Anguilla and Mormyrus (Stendell, 1914), Gasterosteus aculeatus 
(Bock, 1928), Trichogaster fasciatus and Rhynchobdella aculeata (Singh and 
Sathyanesan, 1962). This type of pituitary has been named as type-A and 
the former as type-B by Kerr (1942 a). Later, Bretschneider and Duyvene 
de Wit (1947) classified these two types as platy-basic and lepto-basic res- 
pectively. The latter authors further classified the lepto-basic type into 
three categories, viz., caudo-basic, dorso-basic and cranio-basic according 
to the attachment of the infundibular stalk with the pituitary at the posterior, 
middle and anterior ends respectively. In C. mrigala , the infundibulum 
is attached at the mid-dorsal point thus placing it under dorso-basic type 
which is very common and has been reported in Fundulus (Mathews, 1936), 
salmon and trout (Robertson and Wexler, 1962 a, b), Labeo rohita (Khan, 
1962), Cirrhina reba, Mystus seenghala, and Barbus stigma (Sathyanesan, 
1958, 1960 a), Xenentodon cancila (Singh and Sathyanesan, 1962) and in the 
six poeciliids, Platypoecilus variatus, Limia tricolor, Xipliophorous helleri, 
Mollienisia sphenops, Lebistes reticulatus and Mollienisia latipinna (Potts, 
1942). 

Fishes generally do not have a sella turcica. However, the present observa- 
tions indicate that in C. mrigala, a well-developed sella turcica is present. 
Other instances of such a condition are in Polypterus (deBeer, 1926), Epi- 
ceratodus (Griffiths, 1938), and in Mils a ilisha (Misra and Sathyanesan, 1958). 
Probably this feature is an advanced one and a near approach to higher 
vertebrate-pituitary development. The large size and the globular shape 
of the gland may account for the presence of a sella turcica to accommodate 
the former which naturally, as compared to their linear counterparts, would 
require more space between brain and the cranial floor. 

The orientation of the glandular lobes of pituitary is variable. In the 
present fish, the pro- and meso-adenohypophysis are present one behind 
the other along the antero-posterior axis, whereas the meta-adenohypophysis 
is situated ventral to the former. This type of arrangement of glandular 
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regions has also been reported in Pacific salmon and rainbow trout (Robertson 
and Wexler, 1962 a, b), which can neither be described as linear, as found in 
Tnchogaster fasciatiis and Rhynchobdella aculeata (Singh and Sathyanesan, 
1962) and Heteropneustes fossilts (Sundararaj, 1959) nor vertical as m C carpio 
(Stensell, 1914, Scruggs, 1939), Carassius auratus (Bell, 1938, Levenstein, 
1939 , Scruggs, 1939), Cirrhina reba (Sathyanesan, 1958) and m Labeo rohita 
(Khan, 1962) Since the condition of glandular lobes as found in C mngala 
has not been designated earlier, the author proposes the term lineo vertical 
or antero ventral for the same This probably is an advanced condition over 
the primitive linear arrangement since it presents a transitional stage between 
linear and vertical arrangements, the latter being considered to be highly 
evolved (Bell, 1938) 

The pituitary of C mngala always shows the presence of pro-adeno- 
hypophysis It ts recognised that the presence of this lobe and its position 
with regard to the other lobes present much variations A few important 
instances in which such a lobe is absent are Gadus morrhua (Herring, 1908, 
1913), and. Fundulus (Mathews, 1936) The anterior position of the lobe m 
C mngala is similar to that reported in salmon and trout (Robertson and 
Wexler, 1962 a, b ) and m the six poeciluds (Potts, 1942) In Cirrhina reba 
(Sathyanesan, 1958) and m Labeo rohita (Khan, 1962), the lobe is dorsal— -a 
position identical to that reported in mammalian pituitaries (deBeer, 1926) 
The conspicuous empty vesicles described in the pars anterior (pro-adeno 
hypophysis) of Chanos chanos CTampi, 1951, 1963), salmon and trout (Robert- 
son and Wexler, 1962 a, b ) are totally absent in the present case and this 
finding is in agreement with the observations of Sathyanesan (1958) m Cirrhina 
reba Hypophysial cavity is described during the development of Amta 
(Smith, 1914, deBeer, 1923) and Lepidosteus (Balfour and Parker, 1882) 
Kerr (1949) remarks that ihe p’esence of a hypophysial cavity in the adult 
Acipenser and in the early stages of Amia and Lepidosteus shows that its 
absence in the teleosts is secondary' The closed vesicles of the pars anterior 
of the primitive teleosts such as eel and trout is found to be the reduced hypo- 
physial cavity (Kerr, 1943) Similar cavities in the pars anterior have been 
reported by Sathyanesan (1960 b) in Pangasius pangasius The absence 
of a hypophysial cavity in C mngala may be considered a more advanced 
condition than that obtained m the primitive teleosts, the eel and trout, where 
this structure is retained 

*Ihe cells in the pro-adenohypophysis of C mngala are mostly acidophilic 
with a feu occasional dull basophils and chromo'phobes as reported in 
Cypnnur carpio and Carassius auratus (Scruggs, 1951) and in Labeo rohita 
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(Khan, 1962). Tilney (1911) in eel, Stendell (1914) in C. carpio and Esox 
lucius, and Bell (1938) in Carassius auratus reported this lobe to be entirely 
basophilic. However, with the help of more recent techniques, this lobe in 
the above-mentioned fishes has been shown to be predominantly acidophilic 
by Florentin and Weis (1931),- Scruggs (1939) and Levenstein (1939). Thus 
the pro-adenohypophysis of teleost fish is greatly different from that of the 
higher vertebrates in that the former contains mainly acidophils. Ventrally, 
in the pro-adenohypophysis of C. mrigala there are some acidophil cell 
columns separated by basophils. The latter cells, apparently, appear to 
belong to pro-adenohypophysis but actually they are the cells belonging 
to meso-adenohypophysis which probably did not segregate completely 
during the development of the gland (Scruggs, 1951). Such an inference is 
possible as these basophil cells contain globular bodies and give similar tests 
(vide supra ) with different techniques like those of the peripheral basophils 
of the meso-adenohypophysis. The cells of this lobe present no special 
arrangement. The laminae reported by Tilney (1911) in eel and Scruggs 
(1939) in Salmonidae are absent in the present species. Herring (1908) in 
Gadus morrhua described the arrangement of cells in chords separated by 
connective tissue. These two conditions are primitive, whereas the former 
one is an advanced condition (Potts, 1942). 

The meso-adenohypophysis is the most important lobe of the pituitary 
not only in the teleost fish but in all the other vertebrates also and shows 
much variations with regard to the size and the cell components even in the 
same fish at different maturity stages. This lobe which grows enormously 
in size in C. mrigala lies posterior to the pro-adenohypophysis with no distinct 
boundaries or connective tissue septa as shown in Gasterosteus (Bock, 1928). 
The lobe consists mainly of acidophils, some basophils and chromophobes 
in the early maturity stages. The acidophils are outnumbered by the baso- 
phils in the final sexual maturity stages. Such a change in cell components 
of the lobe is in complete agreement with the observations of earlier authors 
who have studied the pituitaries of fish in different maturity stages (Scruggs, 
1939; Robertson and Wexler, 1962 a, b; Sundararaj, 1959; Sathyanesan, 
1958, 1960 a). 

It will be observed from the present account that it has not been possible 
to differentiate the two types of basophils by adopting the PAS (McManus, 
1946) and AF (Gomori, 1950; Halmi, 1952) techniques. This agrees with 
the findings of Robertson and Wexler (1962 a, b ). However, it may be pointed 
out that Atz (1953), Barrington and Matty (1955), Matty and Matty (1959) 
and Khan (1962) have been able to identify the gonadotrophs from thyro- 
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trophs by using the same techniques Thus it is felt that the differentiation 
of these two types of cells is not always possible by these two methods 


The colloid-bodies in the basophil cells of the meso adenohypophysis 
of C mngala show much variation regarding their sizes, number, distribution 
and the staining properties Copeland (1943) and Scruggs (1939) have de- 
scribed the acidophilic globules in some of the basophil cells and called these 
cells as globular basophils, while Sathyanesan (1960 a) called these cells as 
secretory basophils m case of Mystus seenghala, opining that the acidophilic 
material in these basophil cells, was not present very often, in the form of 
globules In the present case the colloid-bodies are always in the form of 
globules which, however, may be basophilic, acidophilic or amphiphilic 
(medullary region is acidophilic and cortical region is basophilic) The 
above terminology, ie, the globular basophils or secretory basophils, is not 
satisfactory The term globular basophils may be taken to mean that the 
cells are globular in form, whereas basophil cells of various shapes are seen 
in C mngala and also in Labeo rohta (Khan, 1962) Also, the term secretory 
basophils may give the impression that these are the only cells engaged in 
secretory activities, whereas Robertson and Wader (1962 a, b) have reported 
that in case of salmon and trout the basophil cells in meso-adenohypophysis 
are devoid of any colloidal material and still they show secretory activities 
at different times of maturation and spawning periods In view of the above 
arguments, the author proposes the following modified terminology free 
from any structural and functional complications (1) acidophilic-colloid 
basophils, / e , the basophilic cells having acidophilic colloid-bodies irrespec- 
tive of their shapes and sizes [as reported by lUian (1962) in Labeo rohita, 
Sathyanesan (1958) in Cirrhma reba and Scruggs (1951) in Fundulus]; 
(2) Basophilic-colloid basophils, i e , the basophilic cells containing basophilic 
colloidal bodies (as in the present case), (3) amphiphilic-colloid basophils 
» c , the basophilic cells possessing the colloid bodies whose medullary regions 
are acidophilic and the cortices are basophilic (as in the present case), 
(4) acidophilic-colloid acidophils, ie , the acidophil cells containing the 
acidophilic colloid-bodies (as reported m C reba by Sathyanesan, 1958) The 
colloid bodies m the neurohypophysis and inter-cellular m position may be 
called acidophilic or basophilic or polychromatic according to the colour 
reaction These three types of colloid-bodies have been reported m C reba 
(Sathyanesan, 1958) The cells without any colloidal materia! may be termed 
as acidophils or basophils by virtue of their staining reactions When vacuoles 
are present in the cells, they may be called vacuolar acidophils or vacuolar 
basophils according to their presence m these two types of cells 
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The increase in the colloid-bodies of the peripheral basophils of meso- 
adenohypophysis of a spent fish suggests that the colloidal material in these 
cells, at least, is not a factor responsible for inducement of spawning in fish. 
However, the presence of vacuoles in the central basophil cells, which prior 
to spawning lodged the colloidal bodies, may play some role in the process 
of breeding. Cirrhina mrigala resembles Carassius auratus (Scruggs, 1951), 
Mystus seenghala (Sathyanesan, I960 a) in the occurrence of more bsaophils 
with or without colloidal material during the pre-spawning and spawning 
periods. The net-like or sieve-like appearance of meso-adenohypophysis 
in the present species during post-spawning period stands in comparison 
with the shrunken chromophobes of Fundulus (Mathews, 1936), net-like 
appearance in Xiphias (Lee, 1942), Cirrhina reba (Sathyanesan, 1958), Mystus 
seenghala (Sathyanesan. 1960 a), salmon and trout (Robertson and Wexler, 
1962 a, b). Bretschneider and Duyvene de Wit (1947) report the 
characteristic changes from acidophility of the ‘ anterior lobe ’ (meso-adeno- 
hypophysis in the present case) to basophility and a return again to acidophility 
during the pre-spawning phase through a resting phase. These observations 
are in conformity with the present observations. 

The degenerative changes such as vacuolization, pycnosis, loss of cyto- 
plasmic staining of basophil cells of meso-adenohypophysis with disappearance 
of their nuclei in the spawning C. mrigala are in agreement with the observa- 
tions of the previous authors. Thus, it may be concluded that this lobe, if 
not exclusively responsible for spawning activities, at least plays a major 
role towards this end. 

The characteristic feature of meta-adenohypophysis is that it is always 
intimately associated with the neurohypophysis (deBeer, 1926). Such a 
condition of neurohypophysis has probably reached the same high degree 
of development in C. mrigala as has been reported in C. reba and M. seenghala 
(Sathyanesan, 1958, I960 a) and in Labeo rohita (Khan, 1962). The basophils, 
which have always been reported as being either the sole or main constituents 
of this region as in M. seenghala (Sathyanesan, 1960 a) are conspicuous by 
their absence in the present species. In this case no basophil or amphiphil 
cell is present. The only representatives are the acidophils and chromo- 
phobes. However, the acidophils can be distinguished into orange G and 
red-coloured cells as in Esox (Scruggs, 1939). Another important feature 
of this lobe is the presence of blood vessels which, along with the acidophilic 
nature, may suggest the possibility of the lobe being not meta-adenohypophysis 
at all.' However, the mere fact that this portion of the pituitary is most 
intimately connected with the neurohypophysial elements, strongly suggests 
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that it can be nothing else but the meta adenohypophysis comparable to the 
pars intermedia of mammals Baumgartner (1915), Tilney (191 1) and Stendell 
(1914) found the cells of intermedia (present meta adenohypophysis) to be 
acidophilic in Selachn This lobe in Selachn is highly vascular In this 
respect, the meta adenohypophysis of Cirrhma mngala is comparable to that 
of Selachu The vascular nature of the lobe has also been reported in skate 
and dogfish (deBeer, 192 6) and Mystus seenghala (Sathaynesan, 1960 a) 
This lobe which contains blood vessels reveals the predominance of acidophd 
cells So it is possible that there may be some correlation between the acido- 
philic nature of this lobe and the blood supply The comparatively bigger 
size of the lobe may account for the vascular nature As the blood vessels 
and the neurohypophysis are in association in this region, it is likely that the 
secretions of the nuerohypophysis and of this lobe may be carried by blood 
vessels directly for quick action 


The neurohypophysis in Cirrhma mngala has been found to innervate 
all the three lobes although the mam trunk dividing the meso-adenohyp jphysis 
passes down and branches extensively in meta adenohypophysis as reported 
m Labco rohita (Khan, 1962) and in C reba (Sathyanesan, 1958) In P amen 
C Scruggs, 1939) the neurohypophys.s is exclusively 

restricted to meta adenohypophysis, whereas in Fundulm (Mathews 1936), 
.“E ' n m “° and meta adenohypophysis The distribution of the 
n^ohypophys's m all the three lobes ,s eons.dered to be an advanced feature 
\ d * upp,y in meta ade nohypophysis (Chanpper, 1937) No 
f some fah<r V ‘ ty b ” n °^ erVed “ C mr,gah 11 wc " dwelopnd 

R iul* TFT W ° JaS " 19341 or 11 1 bc educed asm 

Flsb P osses sing no infundibular 

the p^Tof^ Shyd«L SV rai^UaS'Sowa?, ^ f . reVraUllS 

of glyco-protems Thus th(* gonadotrophs contain hormones made up 
cells tow^dTthT ^al^^tuntysm^of ~ 

m the secret, on of glyco-protem hormonS" s coSd 

™ y thTmowh°oloaZ “ e I’“ u “ ary of C„rhma 
some advanced features m the dmlttr,^ ?? d biological nature, reveals 
and hypophysial cavities, the rresM/T ^ absence of infundibular 
^ prescnce of M mfundibular stalk, sella turcica. 
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lineo-vertical arrangement of the glandular regions and the ramifications 
of the neurohypophysis in all the regions of the adenohypophysis. 

Summary 

1. The fish, Cirrhina mrigala, possesses a dorso-basic type of pituitary 
gland. The structure of the gland is typically piscine, i.e., it consists 
of neurohypophysis and adenohypophysis. The latter is further differentiated, 
histologically, into pro-, meso- and meta-adenohypophysis. 

2. The histological observations revealed remarkable changes that 
take place mainly in the meso-adenohypophysis of the gland during different 
maturity stages. The pituitary in the early maturity stages is characterised 
by a relatively small meso-adenohypophysis with a predominance of acidophil 
cells. By the time the gonads enter the final stage of sexual maturity, the 
meso-adenohypophysis increases much in size and the basophils outnumber 
the acidophils to the extent that the latter are represented only as small islets. 
Other areas of the gland show little changes except that the meta-adenohypo- 
physis becomes more vascular. 

3. The pituitary of Cirrhina mrigala exhibits degenerative changes 
such as vacuolization and degeneration of the basophil cells. 

4. The colloid-bodies of the basophil cells increase in size and number 
towards the spawning period. 

5. Three types of colloid-bodies, i.e., basophils, acidophils and amphi- 
phils have been identified and a modified terminology has been suggested 
for the cells possessing these colloid-bodies. 

6. No distinction between gonadotrophs and thyrotrophs could be 
made by using PAS and AF techniques. 

7. The position of the pituitary lobes has been designated as lineo- 
vertical — a new terminology suggested to describe similar orientation of 
pituitary lobes in fish. 

8. The possible role of the colloid-bodies in the basophil cells of the 
meso-adenohypophysis and the highly vascular nature of meta-adenohypo- 
physis has been discussed. 

9. To detect the lipids, carbohydrates, proteins and nucleic acid, the 
histochemical tests carried out and results obtained have been given, which 
reveal the presence of glyco-protcins in the basophil cells of meso-adenohypo- 
physis of the gland. 

B2 
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Explanation of Plates 

Plate XII 

A. Section of the pituitary gland of Cirrhina mrigala in the early stage of maturity Zenker 
Periodic acid schiff (McManus, 1946) 

B Median sagittal section of pituitary gland showing four distinct regions or lobes 

(1) pro-adenohypophysis , (2) meso-adenobypophysis, (3) meta adenohypophysis, 

(4) neurohypophysis. Zenker Mallory Heidenhain 

C Portion of a median sagittal section through the pituitary gland. Note the trcc-luke 
branching or the neurohypophysis in the meta-adenohypopbysial region. Zenker 
Halmis modification of aldehyde-fuchsm technique with potassium permanganate 
oxidation 

D Portion of a median sagittal section through the pituitary gland showing the neuro hypo- 
physis, with nerve fibres and blood vessels, passing down through the middle of the 
meso-adenohypophysis Zenker Mallory Heidenhain. 

E. Section of the gland showing the blood vessels in the neurohypophysis and meta-adeno- 
hypophysis. 80° o ethanol Mallory s triple 

F Peripheral region of meso-adenohypophysis of the pituitary gland showing the dupol 
nature of colloid- globules in the basophil cells. Bourn, Foots modification of 
Masson s tn chrome 

Am. C , Amphiphilic colloid bodies, Bv , Blood vessel. Me, Meso-adeno-hypophysis, Mt , 
Meta-adenohypophysis, Ne , Neurohypophysis, Pr Pro-adenohypophysij. 

Plate XIII 

A Section through the ventral portion of pro-adenohypophysis showing acidophilic cell- 
columns separated by a basophilic cell column, the latter belonging to meso- 
adcnohypophysis. Bourn Mallory s triple 

B P >rti >n of the nuerohypophysis showing large blood vessels which contain red blood 
corpuscles. £0'\, ethanol, Mallory s triple 
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C. A portion of (he peripheral region of meso-adenohypophysis. Nole the colloid-bodies 

directed towards a branch of neurohypophysis. Bouin; Periodic acid-schiff. . 

D. Central region of meso-adenohypophysis of the pituitary gland from a fish in an advanced 

maturity stage. Note that some cells are vacuolated while the others contain the 
colloid-bodies. Bouin: Mallory’s triple. 

E. Peripheral region of meso-adenohypophysis of the pituitary gland from a spent fish, 

showing the increase in number and size of the collioid-bodies in the basophil cells. 
Compare with Plate II C. Bouin: Periodic acid-schiff. 

F. Central region of meso-adenohypophysis from a fish in the final stage of sexual maturity. 

Note the vacuolated basophil cells, blood vessels, blood sinusoids, and general degene- 
ration of cells. Bouin: Heidenhain iron haematoxylin. 

Ac., Acidophilic cell; Be., Basophil cell; Bv., Blood vessel; Bs., Blood sinusoid; Cb. B., 
Colloid-bodies in basophil cell; Me., meso-adenohypophysis; Mt., meta-adenohypophyss; Ne., 
Neurohypophysis. 
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Introduction 

In a previous paper, the author (1963) described that injection of insulin into 
the clam, Meretnx casta (Chemnitz) produces effects similar to what happens 
in vertebrates and contrary to the view generally held in regard to the effects 
of insulin in molluscs As a continuation of this study in a programme 
bearing on the regulation of carbohydrate metabolism m clams, the author 
undertook a study of the effect of alloxan injection in these animals 

In investigations relating to diabetes and regulation of carbohydrate 
metabolism in vertebrates, the alloxan technique has made a significant contri- 
bution Alloxan, which is structurally related to pyrimidine and is the ureide 
of mesoxalic acid, was first shown in 1937 to produce hyperglycaemia and 
death in rabbits It was later shown that alloxan has a specific destructive 
effect on beta cells of the islet tissue of pancreas and thereby produces experi- 
mental diabetes This is in contrast to the effect of the diabetogenic hormone 
from the pituitary or partial pancreatectomy which is said to result in hyper- 
activity of the beta cells All these studies have been entirely limited to 
vertebrates It was thought, therefore, that alloxan experiments on an in- 
vertebrate like the clam, Meretnx casta, might be interesting Alloxan-diabetes 
in relauon to liver glycogen has been studied m albino rats and the effects 
of glucose and insulin on the diabetogenic action of alloxan on dogs have 
been studied by Arteta et al (1954) 

The present account describes the effect of alloxan injection in Meretrtx 
casta 


Material and Methods 

Specimens of Meretrtx casta were collected from the Vellar estuary 
The weight of the specimens used in these experiments varied from 3 gm 
318 
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to 8 gm. each. Crystalline alloxan of analytical purity (kindly donated by 
Dr. A. E. Mirsky of Rockefeller) was used to produce experimental diabetes. 
The specimens were starved for 24 hours prior to experimental treatment as 
starvation is known to confer on animals greater susceptibility to alloxan 
effect. 

In the initial experiments, the alloxan dose injected into the specimens 
was 1 mg./5 gm. body weight. In subsequent sets of experiments, higher 
doses varying from 2 mg./5 gm. weight, 3 mg./5 gm. weight and 4 mg./5 gm. 
weight were used. Alloxan was injected into the foot as quickly as possible. 
The time required for alloxan effect was determined by trial and by estimating 
the blood glucose. The normal level of blood glucose in Meretrix casta 
is 47-9 ;fc 2*52 mg./lOO ml. of blood, and when the glucose content rose to 
70 mg./lOO ml. of blood following the injection of alloxan, it was assumed 
that the diabetogenic effect had resulted. 

The glucose content of the blood and the glycogen content of the foot 
and digestive diverticula were estimated at intervals. Following an injection 
of alloxan 1 mg./5 gm. weight, the glucose and glycogen were estimated at 
four successive hourly intervals. With higher doses, the estimations were 
done after 2 hours. 

Methods 

Glycogen was estimated adopting the procedure described by Kemp 
and Kits (1954) and as described in a previous paper by the present author 
(1963). 

Controls were maintained in all these experiments. In these distilled 
water was injected, equal in volume to that of alloxan injected. 

Besides the experiments with alloxan injection mentioned above, the 
effect of a toxin, T.A.B. vaccine {Salmonella typhi) and also the effect of low 
temperature like 4° C. on the glycogen content of alloxan diabetic animals 

was determined. 

Experiments were also conducted to determine the minimum time required 
for the inhibition of diabetes when alloxan injection was preceded by glucose 
injection into the animal. 

Results and Observations 

The normal glycogen content of the digestive diverticula and foot is 
1-2855 ± 0-068, 0-4362 ± 0-022 respectively. When lmg./5gm. wt, of 
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alloxan is injected, the overall effect is an increase of glycogen both in the 
foot and digestive diverticula (Table I, Fig. 1). However, there are certain 
striking differences betwen what happens in the foot and digestive diverticula. 
During the first hour, the foot shows a more pronounced increase of glycogen 
content than the digestive diverticula in which the rise is only slight. In 
the following hour a pronounced increase is seen in the digestive diverticula, 
whereas in the foot it is slight. In the third hour, there is a fall of glycogen 
content in both the tissues but is greater in the foot. In the fourth hour there 
is a steep rise of glycogen in digestive diverticula but less in the foot. Now 
the increase in glycogen in both foot and digestive diverticula is higher than 
in the previous hours. 

The injection of increased doses of alloxan also shows some interesting 
results (Table II, Fig. 2). When 2 mg./5 gm. wt. are injected, the increase 



— * i*i« Ms* oFOOT. 

Fig. 2. Effect after 2 hours iniection of different doses of alloxan on glycogen content 
tissues. 
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in the glycogen after two hours is strikingly greater than the action on 
1 mg./5 gm. wt. of alloxan in one hour. It is also observed that the increase 
is greater in the digestive diverticula than in the foot. When 3 mg./5 gm. wt. 
is injected, there is only slight increase over what is seen when 2 mg./5 gm. wt. 
is injected. But the larger doses result in slightly greater increase of glycogen ' 
in foot than in digestive diverticula. 

Effect of toxin, T.A.B. vaccine (Salmonella typhi).— This toxin was 
injected in two doses of 0-1 ml. each at intervals of 15 minutes into clams, 
which were starved and treated with alloxan to produce experimental diabetes. 
The injection of toxin resulted in glycogen deficiency. There was not only 
no increase of glycogen, but a definite decrease of glycogen below a normal 
level was observed. 

Cold treatment of alloxan diabetic clams, i.e., of subjecting them to 4° C. 
for four hours, also produces a diminution of glycogen content below the 
normal level. The results are shown in Table III. The changes produced 
in the foot are slight as compared to those in the digestive diverticula. These 
experiments indicate that the alloxan effect differs from toxic and cold effects. 


: Table III 

* Effect of toxin and cold treatment on blood glucose and glycogen content of alloxan-diabetic 

Meretrix casta ( Chemnitz ) 


1 

Alloxan diabetic 

Control 

Normal 

Tissue 1 

i 

Toxin 

Exposure 
to cold 
for 4 hoars 

Recovery 

Toxin 

Exposure 
to cold 
for 4 hoars 

Recovery 

Toxin 

Exposure 
to cold 
for 4 hours 

Recovery 

Foot (Glycogen in 
mg./XOO mg. wt.) 

1-201± 

0-269 

1-123 ± 
0-042 

1-174± 

0-074 

0-990± 
0-010 * 

I -211 ± 
0-029 

1-112 A 
0-119 

1-271 ± 

0-053 

1-152 d: 
0-061 

1-152± 

0-081 

Digestive diverticula 
(Glycogen in 
^S'/lOO mg. vrt.) 

2-093 ± 
0-620 

2-102 ± 
0-087 

2-169 ± 
0-070 

1-883 ± 
0-305 

2-113 ± 
0-069 

2-199 ± 
0-277 

2-S4G± 

0-056 

2-115± 

0-034 

2-116± 

0-034 

Blood (Glucose 
“S-/100 ml.) 

32 ±1-4 

105±l-5 

•• 

47 ±14 

68 ±8-4 

*• 

48 ±2-5 

48 ±2*5 

• ♦ 


Effect of injection of insulin into the diabetic clam. When insulin is 
injected in alloxan-induced diabetic clam, the glycogen content in foot and 
digestive diverticula shows a greater increase than in only alloxan treated 
animals. There is also a concomittant decrease in blood glucose level in 
these animals as is shown in Table IV. 










Table IV 

Effect of injection of insulin in alloxan diabetic Merctnx cista ( Chemiutz ) 
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The action of glucose upon the effects of diabetogenic doses of alloxan — 
The injection of 5 mg./5 gm. wt. of glucose 5 minutes before alloxan injection 
inhibited the production of diabetes. A number of experiments were carried 
out in order to determine the minimum time required for this glucose inhibi- 
tion of alloxan effect (Table V). The results showed that clams which received 
a total of 5-10 mg. of glucose 15-30 seconds before the injection of 1 mg./5 gm. 
wt. of alloxan were completely protected against the diabetogenic action 
of the latter. 

Injection of alloxan in glucose medium into Meretrix does not produce 
diabetes. Arteta et al. (1954) have reported that such injections into dogs 
produce diabetes in males only but not in females. 

Discussion 

The observations recorded above bring out some interesting features 
of alloxan effect on Meretrix. 

1. Alloxan injection increases the level of blood sugar. In other words 
it produces diabetes as it does in vertebrates. 

2. As a result of alloxan injection the glycogen content increases in 
the tissues. A similar effect has been observed by investigators on verte- 
brates. 

3. Alloxan has a differential effect on the glycogen content of foot and 
digestive diverticula. The response of the foot and digestive diverticula 
to the alloxan injection is not in the same degree. 

4. It would appear as though the two tissues had differential limits to 
glycogen potential. Glycogen reaches a higher level in the digestive diverti- 
cula than in the foot as a result of alloxan injection. The overall range of 
fluctuation of glycogen content in the digestive diverticula is greater than 
in the foot. 

j 

5. Alloxan effect is not due to a toxicity. 

6. The puzzling feature is that while blood glucose is decreased in 
insulin injection, but increased in alloxan injection, the glycogen content 
of the tissues is increased both in insulin injection as well as in alloxan injection. 

We do not have as yet a satisfactory explanation for the increased glyco- 
gen synthesis in insulin injections. Krahl (1961) proposed that insulin acts 
to bring about alteration of the fine structure of responsive cells, resulting 
in a decompartment which favours glycogen synthesis, fat synthesis and 
protein synthesis. As he himself remarked this speculation can neither be 
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proved nor disproved “Methods with the potential for localization of 
individual cellular and hormone molecules will ultimately be required 
The mechanism of hormone action has thus become a problem in solid state- 
physics” (Krahl, 1961) 

Weber (1946), Tuerkishcher and Wertheimer (1947) and others, who 
investigated the alloxan effect m vertebrates, have remarked that the increase 
in glycogen in alloxan diabetic ammal is due to utilisation of precursors for 
additional synthesis of glycogen What these precursors precisely are has 
not been determined Apart from this, there is an interesting aspect which 
has to be investigated in Meretrtx Alloxan destroys beta cells in vertebrate 
pancreas But on what does it act in Meretrtx 9 This is under investigation 

Summary 

1 Effects of different concentrations of alloxan on the blood glucose 
and tissue glycogen levels of the estuartine clam, Meretrtx casta (Chemnitz), 
have been investigated 

2 In alloxan diabetic specimens, there is an increase in the glycogen 
content in the foot and digestive diverticula The overall increase and the 
range of fluctuations was greater in the digestive diverticula 

3 Alloxan shows a differential effect on the quantity of glycogen i» 
the tissues 

4 Alloxan effect on Meretrtx casta is different from toxic and cold 
effects on the glycogen content 
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Introduction 

The genus Tectaria Cav according to Copeland (1947) includes “ 212 specves 
common m all moist tropical lands and remarkably restricted to them, rang- 
ing north to the Himalayas, Formosa and Florida, South to Queensland 
and the Transvaal” Nearly 150 species extend from India to Polynesia 
according to him The exact number of species present in India is not 
definitely known, although T cicutaria (L ) Cop , T polymorpha and T stmon- 
stanurn are commonly cultivated in Indian gardens The species T. amph- 
foha was available in the living state in the departmental garden and was 
therefore chosen for detailed study 

Material and Methods 

Material studied was obtained from the potted plants and was preserved 
in Formal-acetic Alcohol Sections were cut at 10 to 15 /t thickness Stains 
used were Safranm, fast green, and Haematoxyhn Maceration in a solution 
of Nitnc acid and Potassium chlorate was done to clear the tissues For the 
study of venation the leases were cleared in Methyl Salicylate after dehydra- 
tion 


For spore morphology slides were prepared by the acetolysis method of 
Erdtman (1952) Average spore measurements were taken from twenty 
readings in each plane, excluding the thickness of the penne 

General Morphology 

The plant (Photo l) is about two feet high with an erect rhizome, and 
leaves which arc pinnately compound The rhizome is short densely covered 
by adventitious roots which appear all round, densely paleate, also covered 
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. Figs. 1-15. Figs. 2, 3 and 4. Derma! appendages, N ^0. 5. ^ 7 - ^P^of 

derma! appendages, y 104. Figs. 8-12. Stages in the developmen of dermal h n f nturc 

A topographic diagram of the T.S. of rhirome (under dissecting micrMCop ). r g 
vascular bundle of the rhirome, yl04. Fig. 15. A port.on of the T.S. ol rmrom^ 

(c = cortex, c/ul = endodermis, cp = epidermis, e.s. = empty spac - xylem, 
per = pcricycle, ph = phloem, p.xy = protoxylem, set = sclerenchvmatous cortex. . 

X >'-P- = xylem parenchyma.) 
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by umsenate hairs Dermal appendages are articulate, scale-like and brown 
m colour (Figs 2-4) They are one cell thick narrow, broad at the base and 
tapering towards the end, the margins being uneven and distantly hairy 
The cells are irregular but slightly elongated m form The tip of the scale 
(Figs 5-7) is only one cell thick and the end cell may be irregular m form, 
and may be even lobed The marginal hairs are few, distant, irregular in 
outline, unicellular and often with bulbous tips In some of the scales 
(Figs 3, 4 and 7) the central cells are often slightly thick walled and a black 
deposit like phlobaphene is often found in the tip region Apart from these 
scales and paleae, are also found umsenate hairs (Figs 8-12) occurring densely 
all over the plant parts These cells are generally colourless and some arc 
in a state of division They have a flat basal attachment and the apical cell 
is generally round Umsenate hairs are also present on the midrib and 
young parts of the plant as m the allied genus Cystoptens (Palser and Benck, 
1941) 


Rhizome 

The short, erect rhizome is clothed with scale-like articulate appendages 
The rhizome is polystehc m the adult stages (Fig 13 and Photo 2) Usually 
with 3 to 7 or even more vascular bundles In each bundle (Fig 14 and 
Photo 3) the xylem mass is generally exarch diarch The phloem is mixed 
With parenchyma and is surrounded by an indistinct pencycle layer The 
endodemus is distinct (Fig 15) with caspanan stops on the radial walls of 
the cells, and the outer tangential walls are slightly thickened The ground 
tissue consists of parenchymatous, lsodiametoc cells, without any intercellular 
spaces Near the periphery is a band of sclerenchyma, which is interrupted 
opposite each petiole base The transverse section shows m cortical cells 
abundance of starch, which obviously is the principal food reserve The 
metaxylem tracheids are mostly scalanformly thickened 


The rhizome in transverse section as already stated shows 6-8 mensteles 
as m the allied genus Peranema (Davie, 1912) Of these, some are mam 
bundles and the rest are the lateral bundles cut off from the mam bundles 
Some of these bundles may also be flattened The same features have been 
observed in Diacalpe and Peranema also (Davie, loc at ) 


j 7 ! 1 * I ? ain ^ ndles arc somewhat larger and placed more or less laterally 
bundles mosti y present on the ventral side of the rhizome 
between the main bundles (Fig 13) 
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Figs. 16-24. Fig. 16-21. Serial transverse sections of th* D ^{^Vs'.'ofroot!’'^^ 
arture of the petiole trace (all magnified 8 times). Fig. ^ AKL ne \ p- 2 4. A sector of 
ig. 23. Topographic T.S. of petiole (under dissecting microscope), r g. 

•S. of petiole near the base, x26. I = outer 

tend — endodermis, ep — epidermis, i.c. = inner cortex, = proto- 

artex, per = pericycle, ph = phloem, pub. = petiolar base, pns ^ sdtrtaehyroatous cortex, 
ylem, rh. = rhizome, rh.s. = rhizome stele, r.fr. = root trace, sci. 
y = xylem.) 
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The mam bundle is exarch, protostehc (Fig 14) and slightly plate bke, 
often divided into two groups by an empty space (ej) formed by the disinte- 
grated or torn parenchyma The protoxylem points are two and occupy the 
opposite ends of the xylem plate The metaxylem has scalariform thtcken- 
ing> and some of the metaxylem tracheids contain a black deposit (Fig 14) 
Phloem surrounds the entire xylem except at the protoxylem points, in a thin 
layer Parenchyma occurs in the phloem as well as xylem The pencycle 
and the endodermis are very clear The latter is made up of thin walled, 
elongated narrow cells with clear caspanan strips in the radial walls The 
outer tangential wall is generally thickened 

Serial transverse sections (Figs 16-21) show that the petiolar trace is 
derived from the main bundles of the rhizome and not from the lateral bundles 
Each mam bundle cuts off a small petiolar trace (Fig> 16-17, pt s ) These 
move outwards and pass into the petiolar base (Figs 18 and 19, pt b) The 
bundles, as they ascend the petiole, divide repeatedly (Figs 20 and 21), so 
that at higher levels the petiole shows several vascular bundles in a transverse 
section (Fig 23) 


Root ' 

The roots are thin, dark brown and profusely branched They arise 
from the rhizome all round the petiolar base as in Peranema (Davie, 1912) 
In the transverse section of the rhizome the root traces (r tr ) can be recognised 
(Fig 21) near the periphery A transverse section of the root (Fig 22) shows 
a thin walled outer cortex enclosing a thick walled inner cortex The endo- 
dermis is single layered and the stele is diarch with four to eight metaxylem 
tracheids and two protoxylem patches, spreading out The phloem shows 
a little phloem parenchyma No root hairs are seen 

Leaf 

The leaf is pmnately compound w th variable number of pinnae, but 
generally four to five pairs (Fig. 25), often the much Jobed lowest pair missing 
The pinnae have a crenulate margin, and are hairy on the lower surface 

The petiole is nearly one foot long cylindrical, covered by h3irs all over 
and also scales at the base A transverse section of the petiole at the base 
(Fig 23) shows three main vascular bundles derived from the stele of the 
rhizome as mentioned earlier Besides, it also shows (Fig 24) an outer zone 
of small thick walled, compactly arranged cells and an inner zone of large, 
\hm walled closely packed cells The outer zone further becomes thick walled 
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Fig. 25. Diagrammatic representation of the leaf 
of the dissecting microscope, of the Sections. A-Q take 
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higher up the petiole It is probably this lignification that imparts a brown 
colour to the upper regions of the rachis 

Serial sections of the petiole taken from the base show a definite pattern 
in the origin of pinna trace Figure 25 represents a diagrammatic sketch of 
a leaf with camera lucida sketches of sections taken at the various levels indi 
cated therein At the very base the transverse section of the petiole (A) shows 
five bundles three being main (dark) and two lateral (stipled) ones, as in the 
allied genera Peranema and Diacalpe (Davie loc at) At a little higher level (B 
right) one of the lateral bundles comes in contact with one of the main bundles 
At a still higher level this actually merges with the main bundle and its identity 
is lost completely (C) Higher up the lateral bundle on the left comes nearer 
the central main bundle (D) and fuses with it (E) The nature and signifi- 
cance of these lateral bundles fusing with the mam ones could not be under* 
stood Sections taken higher up (Figs F G and H) show only three mam 
bundles A little below the first pinna the lateral mam bundles abstnet 
off smaller bundles (stipled) The one on the left-hand side (I) splits into 
two, one supplying the main part of the pinna on the left and the other, the 
smaller basal pinnule Still higher up (J) the bundle abstneted from the mam 
lateral bundle has split and one goes into the pinna proper and the other into 
the basal pinnule on the right side Serial sections between the first and 
second pair of pinnae show the same feature as noted in the basal part of 
the petiole K represents a section with three mam bundles and two lateral 
ones (stipled) derived from two of them At a higher level L these two derived 
bundles disappear and one of the median bundles unites with one of its fellow- 
bundles and separates again at a slightly higher level (M) Lateral bundles 
(stipled) arise on the left and right and supply the second pair of pinnae (M 
and N) Still higher up (O) the mam bundles unite into a common * V 
shaped bundle (P) which may split up into two or three bundles one of 
which may go to supply the other pinnules (Q) if any 

The above facts were verified and what stands out clearly is that the 
earlier lateral bundles derived from the separated mam bundles split up mto 
two or more according to the size and lobing of the pinnae Higher up the 
pinna traces are simple and are derived from a common ‘ V ’-shaped vascular 
bundle, formed by the union of the three bundles, seen at the base But 
what cannot be explained is the fact that bundle separated from the mam 
bundles fuse again with it , 


transverse sect,on ,n the middle of the petiole (Fig 26 and Photo 4) 
cnrtM ll ? UCS as above but further sclen ration of the outer 

e as the thickening of the outer wall of the endodennis The 
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Vascular bundle of the petiole, X 50. Fig. *8. A ponicu u'u- • R 3] . S'cirnla 'viin 
Fig. 29. T.S. of the pinna, X26. Fig, 20. Stele Microscope). Figs. 33 and 

subsidiary cells, x 104. Fig. 32. Venaucn of the leaf (ur der dn. ci E MatL ,, e .jcrargiim, scr- 
34. Arrangement of sorus (under dissecting nucrcsccp j. • x j 04 p; g . 37. Spcrrr.gnm 
[ace _ view, x!04. Fig. 36. Mature sporangium, lateral x 0De ha j r on the stalky . x 26. 
bearine two hairs nn the stalk. x26. Fig. 38. Sporangiim eannf , _ x 1 CO. Fig. 41. 


34. Arrangement of sorus (under dissecting micrc-ccp • x]04 p; g . 37. Sporrcptni 

[ace _ view, x!04. Fig. 36. Mature sporangium, lateral x 0De ha j r on the stalky . x 26. 
bearing two hairs on the stalk, X26. Fig. 38. Sporang , - ? 0 f ,jj e spore, x!60. Fig. 

Fig. 39. Equatorial view of the spore, xl(0. Fig. 40. Folar vie* 

Exine structure and perine, x340. _ doexine, end «= endodamis, 


- -c,. i-tjuaiuiiai vitw ui tuv — 

Exine structure and perine, x340. _ doexine end «= endodamis, 

(a = areole, a. ex = ectoexine, an = annulcs. e”-" ind = ’ in dusiutn, /a 
ep ~ epidermis, g.c. — guard cell, h «= hair, i.c. 1 . m __ me taxylcm, rn.rb m ’ 

cellular space, l.ep. = lover epidermis, m«. — rn e£ P J pro ioxyIesm. pr = pcrmc. J — ■ > 

o.c. — outer cortex, ncr = ceri cycle, ph = phloem, px) . 


; epidermis, g.c. = guara ceu, n «= m _= meiaxyitui, - - 

lar space, l.ep. = lover epidermis, mw - — ^ es P - J pr0l0X yIesm. pr = pcrmc. J — ■ < 

= outer cortex, per = pericycle, ph = phloem, PW^ ^ * 
stalk, rim = stomium, u.cp. «= upper epidermis. 
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vascular bundle is monarch densely packed with scalanform tracheids The 
phloem surrounds the xylem except over the metaxylem end In some bundles 
(Fig 27) the xylem may be loosely packed and the protoxylem position is not 
easily determined Generally the vascular bundles are all exarch with scalan- 
form elements m the metaxylem 

A transverse section of the terminal pinna shows that there are umsenate 
hairs above and below the midrib (Fig 29) The mesophyll is undifferen- 
tiated The stomata are confined only to the loner side of the lamina The 
mesophyll cells are compact above the vascular bundle, are irregular in form 
and losely arranged all over with intercellular spaces The vascular bundle 
has a clear endodermis and indistinct pericycle The xylem is in the form 
of a plate (Figs 29 30) often loosely arranged, the protoxylem being gene- 
rally exarch 

The epidermal cells have thin walls and each stoma (Fig 31) is surrounded 
by one or two subsidiary cells The guard cells are longish and the pore 
is narrow and elongated 

Venation is essentially pinnate but from the secondary veins branchlets 
arise forming meshes of aveoles The areoles often having a single or 
dichotomised, included vemlet, with slightly dilated tip (Fig 32) 

Sorus 

The sorus m T amplifoha is abaxial, superficial and indusiate, the mdu- 
sium being umberlla shaped, hairy and terminating m small branches Of the 
veins (Fig 34) or sometimes situated above a point where the veins unite 
(Fig 33) The npe sporangium (Figs 35-36) is pear-shaped and has vertical 
incomplete annulus with about 14 to 18 cells, measuring 165 p to 234 ft in 
breadth The stalk is made up of two rows of cells A third row of the 
stalk extends only up to a part of the distance from the top The sbt is 
oblique Sometimes one or two short hairs are seen on the sporangial stalk 
(Figs 37-38 and Photos 5 and 6) as in Diaealpe (Davie, 1912) Cells of the 
sporangial stalk vary in shape and size 

The npe spores (Figs 39 and 40 and Photos 7 and 8) are light brown in 
colour, homosporous, bilateral, slightly planoconvex (P), ovate (e) and mea- 
sure 33 X42 x30 ft (E.) in size (range 24x36x18^ to 42x54x36/0 
In equatorial view (Fig 40) the spore is slightly planoconvex with thin trans- 
parent pen ne thrown into irregular folds The penne-fold is 4 9/* broad 
Exinc shows a thick smooth endo-exine (Fig 41) and an equally broad ccto- 
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exine. The spores are monolete, the leasure is long and narrow being 16/* 
long and 1 -4 ^ broad. The ripe acetolysed spore is light brown with a slightly 
darker exine. The acetolysed spores are bigger in size than the unacetolysed 
ones. The perine is light brown, faintly granulate and thrown into irregular 
folds. 


Discussion 


The genus Tectaria Cav. has been differently treated for its systematic 
position by different workers. 


Bower (1926) on the basis of soral characters places it under Super- 
ficiales. Holttum (1947-49) follows Christensen (1933) and establishes 
a distinct subfamily Tectarioideae under the family Dennstaedtiaceae. 
Smith (1955) treats it as a Polypodioid genus on account of its terrestrial 
habit, erect rhizome, non-articulate stipes which resembles that of some 
species of Polypodium. 


Copeland (1947) however on the basis of morphological characters, like 
the dictyostelic rhizome, dorsal sori and constant occurrence of perispores 
in the spores, places it among the Aspidiaceae. In addition to these charac- 
ters we find some more Aspidioid features in Tectaria amplifolia. These are 
mentioned below. 


T. amplifolia has in common with two other well-recognized Aspidioid 
ferns like Peranema and Diacalpe (Davie, 1912) the following features. T e 
erect polystelic rhizome covered with branched fibrous roots, polystelic an 
long petiole with parenchymatous ground tissue, scales, superficial 
sori with stalked sporangia and large brown monolete spores wit o e 
perispore or perine. 


In the presence of unicellular hairs which are peisistent on e 
rachis and the raches of the pinnae and pinnules, T. amp ico ia 
Cystopteris (Palser and Beric, loc. cit.) another mem er o e 
Aspidiaceae. 


The open dichotomous venation of T. amplifolia is met with in Acrop 
(Thomson Betty, 1943) another Aspidioid fern. 

T. amplifolia in many of its characters like those °^. t c I ^^° m vascm ia^ 
is covered by persistent leaf bases, paleae, and o , stomata 

supply of the rhizome and stipe, their parenchymatous £?° along w j t h its 
restricted to the lower surface and undifferentiated me P /^j ayar> 1961 
spore characters resembles another Aspidioid fern e 
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and Nayar and Kazan, 1953) In spore characters the spores of T mpi- 
folia resemble those of Didymochma (Stokey and Atkinson, 1954) and 
Querctfihx (Nayar. 1960), both members of Aspidiaceae 

These facts support Copeland's reference of this genus to the Aspidiaceae 
at least so far as this species is concerned 


Summary 

The anatomy of the leptosporangiate fern Tectana ampUfolia (V A-VR-) 
Christensen, one of the Aspidiaceae, has been worked out It shows a number 
of resemblances in its anatomy with two other well known Aspidioid 8- ner ^ 
like Percmema and Diacalpe In addition it shows a number of other pi 
dioid features which strengthen its reference to this family 

The rhizome is polystehc with 3-8 bundles, each bundle having exarch 
diarch xylem The mam bundles of the rhizome give rise to the petiolar 
traces which number three The pinna traces are derived from these three 
bundles The abaxial superficial, indusiate sorus produces sporangia with 
incomplete annulus of 14-18 cells The spore output is 64 The spores 
are light brown m colour, bilateral and slightly planoconvex 
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Explanation of Plate 

Photo. I. Habit of the plant, x0-2. 

Photo. 2. T.S. of rhizome, x5-6. 

Photo. 3. Stele of the rhizome, xll5. 

Photo. 4. T.S. of the petiole, x94. 

Photo. 5. Sporangium with one hair, xl7. 

Photo. 6. Sporangium with two hairs, x 17. 

Photo. 7. Spore — polar view, x765. 

Photo. 8. Spore — showing the ornamentation, X765. 
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This work represents a part of a senes of studies on the structure of the ali- 
mentary canal in relation to feeding habit of fishes Tilapia mossambica 
is an exotic cichlid fish which was imported to Madras from Ceylon in 1952. 
It has bred prohfically and is present m fresh and brackish waters in large 
numbers It thnves well in sea-water also This paper gives an account 
of its alimentary canal in relation to its herbivorous feeding habit A similar 
account of an omnivorous fish Mystus guho was previously given (Pasha, 
1964) 

The material was supplied by the fisheries station at Adyar Standard 
fixatives and staining techniques were used throughout the investigation 

Food, Feeding Habits and Gross Anatomy 

The stomach contents of about 25 fish were examined The contents 
consisted chiefly of algae There were a few higher aquatic plants In the 
laboratory they fed on algae that were present on the stones and on the sides 
of the glass Under starvation, they took nee and even bits of earthworm 
According to Peter Devadas and Chacko (1953), Tilapia mossambica has 
a number of favourable qualities which make this fish ideally suited for culture 
in South India One of the features they have reported on is that it is non* 
cannibalistic 

The alimentary canal of Tilapia mossambica consists of the mouth, buccal 
cavity, pharynx, oesophagus, stomach, intestine and rectum Pyloric caeca 
are absent (Text-Fig 1) The mouth is terminal The gape of the mouth is 
about l 7 cm m a fish measuring 12 cm The bps are thick The loner 
jaw is a little longer, consequently the mouth opens rather upwards The 
UppCr Jaw 1S P rotrusib Ie , when it is protruded the mouth becomes actually 

* Formed p*rt of th. tb«k appro^J by tU U W vemty of Midm for the M.Sc. desr~ 
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terminal. Both the jaws bear teeth. Each tooth has its projecting end 
slightly flattened and divided into two or three teeth, like those of a saw. 
In the upper jaw the teeth of the outermost row are longer and their position 
is such that when the upper jaw is protruded, the teeth are so thrust forward 
as to be used to scrape off the surface of stones, water plants, etc. 


oe c.At 



Text-Fig. 1 


There is a rudimentary tongue which has its anterior end free an e 
posterior part attached to the floor of the buccal cavity. The floor o e 
cavity is flat and the roof is arched. The buccal cavity is broad anterior y 
and narrows down posteriorly. The oral valves are present just behin e 
lips. The maxillary valve is broader. The mucous membrane lining t e ucca 
cavity is thrown into folds, both longitudinally and transversely forming 
a network. It is always slimy due to copious secretion of mucus. 


The pharynx, where the gills are attached, opens out through the -g* 
slits. The gill rakers are reduced to small knob-like projections, 
sequently, the fish cannot collect finer particles of food as a p an ton 
does. The mucous membrane covering the pharynx is a con 
the buccal cavity but there are no folds visible to the naked eye. 
bears dorsal and ventral teeth patches or apparatus which are u g . 
cushion-like. The teeth of the pharyngeal patches are all alike 
long with slightly curved pointed tips.- The dorsal an ven a 
teeth can be moved, the dorsal patches working against the ven P 

• Das and Moritra (1955) are of opinion that gifl rakers, phar^eal and 
other teeth patches crush and masticate food in omnivorous 
fishes. According to Al-Hussani (1949) the relative devebpment .oMhe 

pharyngeal masticatory apparatus (horny pad, pharyng 
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direct relationship to the amount of plant food in the diet In Tilapia mossam 
bica, probably the oral teeth are used for scraping the plant materials and the 
pharyngeal dentition which is well developed is used for grinding 

The pharynx leads into the oesophagus which is cylindrical and short, 
measuring only 0 8 cm in a fish 13 cm in length The oesophagus has 
complex longitudinal folds which are continuous with those of the stomach 
Posteriorly it leads into a bag like structure which is the corpus or body of 
the stomach This serves as a reservoir for the ingested food The shape 
of the stomach largely depends on the amount of food contained The 
pyloric stomach starts as a small tube from the right side of the stomach very 
near the junction between the oesophagus and the body of the stomach A 
pyloric construction is present The proximal part of the intestine is in the 
form of a U shaped loop, the space between the two limbs of the loop being 
occupied by a projecting lobe of the liver The rest of the intestine is coded 
in the form of a cork screw The intestine is very long measuring 103 cm 
in a fish 13 cm long (Table I) It is about eight times as long as the fish 
Great length of the intestine is usually a characteristic feature of herbivorous 
forms An intestmo rectal value is not present Therefore the posterior 
part of the intestine which has shallow mucosal folds may be considered 
as the rectum 


Histology 

The lip is made up of mucosa and submucosa (PI XV, Fig 1) The mucosa 
consists of stratified epithelium basement membrane and a thin stratum 
compactum The epithelium is thrown into very shallow folds and has 
many lajers of cells The cells have different shapes They are polyhedral 
at the surface, columnar m the centre and of irregular shapes at the bottom 
Many of the cells of the topmost layers have no distinct nuclei and some of 
these cells do not show a compact arrangement Probably these are worn- 
out cells There are numerous taste buds which are elongated and flask- 
shaped They are found on the papillary projections of the submucosa 
Each taste bud encloses a few elongated cells which stain deeply a id have 
elongated processes forming a compact bundle Presence of a large number 
of taste buds indicates that the fish has a well-developed gustatory faculty 
Mucous cells are completely absent The submucosa is made up of loose 
connective tissue which is areolar in nature 

The buccal wall is made up of mucosa submucosa and muscularis The 
mucosa consists of stratified epithelium basement membrane and stratum 
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compactum. The mucosa of the roof of the buccal cavity is not uniform 
throughout. Anteriorly, it is more or less like that of the lips, though the 
folds are slightly deeper (PI. XV, Fig. 2). It has a typical stratified epithelium 
like that of the lips. Mucous cells are absent though they are present in the 
floor. However, a little posteriorly the mucous membrane not only has 
more pronounced folds which are both transverse and longitudinal forming a 
network, but also changes from a typical stratified epithelium to one that 
is mostly composed of mucous cells (PI. XV, Fig. 3). The mucous cells 
occurring posteriorly are mostly cylindrical and are arranged in rows. They 
rest on the basement membrane and extend up to the free surface of the epi- 
thelium. They stain characteristically with thionin. Taste-buds are present 
only in the anterior part of the buccal cavity. They resemble those of the 
# lips. The basement membrane is thin, so also is the stratum compactum. 
The submucosa is in the form of a network as it is areolar in nature . 
The muscularis is found only in the floor of the buccal cavity and consists o 
inner circular and outer longitudinal fibres. All the fibres are striate 


There are two oral valves. The maxillary oral valve consists of mucosa 
dorsally and ventrally, made of stratified epithelium with submucosa e 
ween (PL XV, Fig. 4). The mucosa of the ventral side shows 6-8 layers otce s. 
There are mucous cells of spherical shape with basal nuclei, n a i ion 
to these mucous cells a few large spherical or elongated mucous ce s 
central nuclei are also present. Taste-buds are not numerous. e 
mucosa has the same structure as that of the ventral mucosa exce P * , 

taste-buds are very rare. The submucosa is made up o wavy . 

shows large meshes. It is highly vascular. The mandi u ar va 
the maxillary valve, except that the dorsal mucosa s °^ s nu ™ ^ 

buds which are borne by the papillary projections o t e muC osal 

that the mucous cells are also larger in number. ran anot j jer 

fold just below the mandibular valve is rather broad an o 
mandibular valve (PL XV, Fig. 5). 

The pharynx is made up of mucosa, submucosa and m Carp, 

r Fig. 6). Currey (1939) deals with the pharyngeal region 
Cyprinus capio communis, elaborately dividing it into an 
regions on histological differences. In Tilapia mossamhca the 
more uniform, there being only minor differences. membrane 

The mucosa is made up of stratified epithe urn, are 

and stratum compactum which is thin. It is t roWB os t er iorly. The strati- 
shallow in the anterior part of the pharynx and eep p tQ 2 o layers 

fied epithelium is not uniformly thick, and consis o 
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of cells Superficial layers have polyhedral cells and in the base the cells 
are either oval or cylindrical A large number of mucous cells occur in the 
epithelium They are of two kinds Those occurring superficially a 
sphencal with darkly stained basal nuclei The other kind occurs in deeper 
layers of which some arc cylindrical, some spherical and some oval ("1 XV, 
Fig 6) Usually, the spherical nucleus occurs in the centre and the contents 
appear in the form of a network However, in some of them the nuclei 
are found shifted towards their bases and the cells appear empty, probably 
due to the mucus having been discharged Further study of these cells may 
be of significance due to the fact that the fish is a mouth-breeder Numerous 
taste buds occur, particularly in the posterior part of the pharynx They 
resemble those of the lips except that they are larger The exposed extre- 
mity is sunk in a pit which is probably similar to the gustatory pore seen m 
the mammals The epithelium is supported below by a basement membrane 
The stratum compactum found next to the basement membrane is very thic ' 
and wavy in outline It consists of fibres arranged very closely The su 
mucosa is extensive and consists of areolar connective tissue having very large 
meshes The musculans is in two layers an inner longitudinal and an outer 
circular Both have striated fibres 


The proximal part of the oesophagus which lies outside the body cavity 
consists of four layers, mucosa, lamina propria, submucosa and musculans 
The distal part lying inside the body cavity has in addition a serous layer 
There are 7-8 deep folds in the anterior and middle regions (PI XV, Fig V 
Posteriorly, there are more folds which are mostly shallow 


The mucosa is made up of columnar cells, goblet cells and undifferentiated 
cells (PI XV, Fjg 8) There are also a few simple mucus-secreting cells The 
columnar cells occur in one or two layers throughout the oesophagus They 
are present in the edges of the folds, where they are slender, broad towards 
the lumen and narrow towards the base They are also present on the sides 
and in the crypts where they are larger The goblet cells are numerous 
occurring intermingled with simple mucus-secreting cells and columnar cells 
(PI XV, Fig 8) The undifferentiated cells of the epithelium are present m the 
edges of the folds and at the base of the columnar and mucous cells Many 


leucocytes which may have migrated are also found scattered in the epithelium 
Taste buds are absent m the entire oesophagus This feature has been 
nouced by Al-Hussami (1945, 1946 1947) Rogick (1931) and Sarbahi (1940) 
in the fishes studied by them 


The lamina propria is composed of dense areolar tissue which continues 
into the mucosal folds to the very tips It is highly vascular "The sub- 
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mucosa resembles the lamina propria and it is difficult to distinguish them 
from each other but for the fact that in the meshes of the submucosa there 
are numerous scattered bundles of longitudinal muscle fibres. The circular 
and longitudinal layers form the muscularis. Both are of striated fibres. 
The serosa is very thin and is made up of flattened cells. 


The stomach is of the caecal type. Corpus and pyloric parts are well 
differentiated with regard to histological details also. There are about 10-12 
primary longitudinal folds. They are very thick and quite conspicuous. The 
mucosa is made up of two types of epithelium, superficial epithelium and 
glandular epithelium. 


The superficial epithelium is composed of compactly arranged columnar 
cells (PI. XV, Fig. 9). The cells lining the crypts are shorter and almost 
cylindrical. The nuclei are large and oval. They are situated in the basal 
half of the cells, all the nuclei occurring at the same level in the epithelium. 
About one-fourth of the cell nearer the lumen stains pale blue while the 
rest stains red and appears granular. With thionin the above-mentioned 
one-fourth of the cell stains red showing the presence of mucus. This is in 
agreement with Al-Hussaini’s (1946) observation that the columnar cells have 
the function of mucus secretion. 


The glandular epithelium consists of the gastric glands. These are all 
simple and tubular, made up of cells which are rhomboidal in shape wit r 
a spherical nucleus in each at the centre. They have a very narrow u^ ien ' 
The zymogen granules present in these cells are distributed uniformly. There 
is no differentiation of the cells into oxyntic and peptic cells as a o i crn 
similar. Each gland is surrounded by a thin layer of lamina propria which 
helps to keep the glands in position. The glands open in groups o 
three into the gastric crypts. There are no neck cells. 

The pyloric stomach has 6-8 longitudinal folds which are 

(PI. XV, Fig. 10). The epithelium of the mucosal folds resemb cs 

corpus. There are no gastric glands. 

The lamina propria consists of very loose connective tissue . and ims 
similar throughout the stomach. The muscularis oft e coipu rjale( j 

circular and an outer longitudinal layer, both of w ic c °n 
fibres. In the pyloric stomach, the circular layer is mo tly made of 
Striated fibres. However, here and there a few striated p|cnty of 

ably extending from the oesophagus (FI. X , - lonaitudinal layers, one 

connective tissue among the fibres. There a d t h of them are in 
outer to the circular and another inner to it. 0 


B4 
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bundles The inner layer has a large number of bundles which are found 
in the meshes of the submucosa The serosa is thicker than that of the 
oesophagus The cells are not seen clearly 

There is no special valve between the pylonc stomach and the intestine 
However, mucosal folds in the region of the pylonc constnction are very 
thick and deep They are directed towards the lumen of the pylonc stomac 
(PI XV, Fig 12) Probably, they are responsible for regulating the passage 
of food from the stomach to the intestine 

The intestine can be divided into an antenor part, a middle part and a 
posterior part or the rectum All these parts are fundamentally similar 
m structure and are made up of the same layers throughout, the differences 
being few and minor The folds of the duodenum are thin with pointed 
crests and broader bases They are mostly longitudinal in arrangement 
This condition is noticed in the middle mtestine also (PI XV, Fig 13) In the 
posterior region the folds are thick, shallow and fewer 

The epithelium is made up of two principal types of cells, the columnar 
and the goblet cells The columnar cells are so numerous that the epithelium 
is mostly composed of these cells The goblet cells are few and scattered 
The columnar cells are typically cylindrical and high The nucleus is oval 
and shows a distinct chromatin network A thin sheet, which is striated, 
forms a top plate It is contmuous over the columnar cells except m those 
regions where the goblet cells open The goblet cells have a swollen portion 
and a narrow tail portion The latter contains the nucleus (PI XV, Fig 14) 

The lamina propria is composed of nchly vascular areolar connects e 
tissue which merges with the submucosa The submucosa is also areolar 
m nature The musculans consists of an outer longitudinal layer and an 
inner circular layer It is of uniform thickness Both the layers are made 
of unstnated fibres The serosa is made up of one or two layers of flattened 
cells There is a little subserous connective tissue between the serosa and 
musculans 

In the rectum the thickness of the musculature is almost the same as in 
the antenor and middle parts However, the rectal region can be easily 
distinguished by the shallowness and the greater thickness of the mucosal 
folds Further, the lamina propria occupesawider arca(Pl XV, Fg 15) 
The columnar cells and the goblet cells resemble those of the intestine 
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Table I 

Length measurements of various regions of the alimentary 
canal o/Tilapia mossambica 


No. 

Length 
of fish 
in cm. 

Bucco- 
pharynx 
in cm. 

Oesopha- 
gus 
in cm. 

Stomach in cm. 

Intes- 
tine 
in cm. 

Corpus Pyloric 

1 

13-0 

2-5 

0-8 

2-6 

2-1 

103 0 

2 

12-6 

2-4 

0-8 

2-5 

2-0 

98-5 

3 

12-0 

2-2 

0-7 

2-3 

1-8 

95-5 

4 

11-7 

2-0 

0-7 

2-2 

1-8 

94 -h 

5 

11-2 

1-9 

0-6 

2*1 

1-7 

92-5 


Summary 

The anatomy and histology of the alimentary canal of a herbivorous 
fish has been described. 

The mouth is terminal. The jaw teeth and pharyngeal teeth patches 
are well developed. The gill rakers are reduced into small knob-like projec- 
tions. 

Taste-buds are present in the lips, buccal cavity and pharynx. Th 
pharynx has the largest number of taste-buds. The stomach is o caec 
type and the gastric glands are present only in the body of the 01 ™ 
There is no differentiation of glandular cells into oxyntic an pep ic 
The pyloric stomach has thicker musculature. 

The intestine is very long. It is about eight times the Ien / h f the f h ’ 
The intestinal mucosa has only two kinds of cells, columnar an go 

An ileo-rectal valve is not present. The rectal musculature is not 
than that of the intestine. 
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Explanation of Plate 

Fig 1 T S or lip 

Fig 2 TS of anterior buccal membrane 
Fig 3 T S or posterior buccal membrane 
Fig 4 TS of maxillary oral valve. 

Fig 5 TS of mandibular valve 

Fig 6 TS of pharynx. 

Fig 7 TS of Oesophagus. 

Fig 8 TS of Oesophagus (part enlarged) 

Fig 9 TS of stomach showing gastric glands. 

Fig 10 T.S of pyloric stomach. 

FIG 1 1 T.S or pylonc stomach (part enlarged) 

Fig 12 L.S of pylorus. 

Fkj 13 T.S of intestine 

Fro 14 TS of intestine part enlarged. 

Tic 15 TS of rectum. 



S. M. Kamal Pasha 


Pwc. Inch Acad • Set-, B 4 VoL LIX , PI. XV 



FIGS, l'l 5 



Anatomy and Histology of Alimentary Canal of a Herbivorous Fish ' 349 

Abbreviations 

a.t., areolar tissue; b.m., basement membrane; c.c., columnar cell; c.m., circular muscle 
layer; c.st., corpus of stomach; d., duodenum; d.m., dorsal mucosa; g.c., goblet cell; g.cr., 
gastric crypt; g.g., gastric gland; g.g.c., gastric gland cell; j'/.m., inner longitudinal muscle layer; 
int., intestine; leucocytes; longitudinal muscle layer; l.p., lamina propria; m.c., mucous 
cell; m.f, mucosal fold ; oe., oesophagus; o.v., oral valve ; p.p., papillary projection; rec., rectum; 
p.st., pyloric stomach; s., serosa; s.m., submucosa; st., stomach; st.c., stratum compactum; 
st.e., stratified epithelium ; t.b., taste-bud; l.p., top plate; i/.c., undifferentiated cell; v.m., ventral 
mucosa. 
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Introduction 

This paper deals with the root nodules and their developmental morphology 
in some legumes Trtgonella foenum-graecum and Canavaha gladtata whic 
are cultivated for vegetable and fodder, Trtgonella occulta which is a wee 
found usually m wet places along the margins of ponds or tanks an 
Phaseolus mungo which is rotated with wheat 

Material and Methods 

Plants of Trtgonella foenum graecum, T occulta , Cana\alta gladiata 
and Phaseolus mungo were raised in pots each with 1,000 gm of soil collect 
from a field in which a leguminous crop was raised previously The sol 
moisture was maintained at 75 per cent of the water-holding capacity Nodules 
of different age., of the^e plants were fixed in Navashm’s fluid for 24 hours 
and rinsed with 70 per cent alcohol They were embedded in paraffin and 
sectioned at 8 to 12 microns thick after customary dehydration and infiltra- 
tion The sections were stained with Heidenhain’s haematoxyhn with 
erythrosine as counter-stain 


Observations 

T igonella foenum graecum Linn and T occulta Delile 

In Trtgonella foenum-graecum the first nodule is observed on the 
root close to the surface of the soil on the ninth day of the seedling This 
is followed by the appearance of more nodules on roots of various ages 
The nodules are at first spherical, but later branch into a two-lobed or a fan* 
shaped structure within four to five day c of their initiation The fan shaped 
nodules are common on the primary and secondary roots close to the surface 
of the soil, their frequency decreases with depth, while the spherical an 
bilotcd nodules arc scattered all over the branches of the roots (Fig 1) In 
350 
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T. occulta the nodules7are cylindrical or club-shaped and those which are 
present close to the surface of the soil are two-lobed (Fig. 4). 

Generally in T. foenum-graecum most of the nodules are pink and effec- 
tive.^ However, in T. occulta the large, cylindrical nodules are pink and 
effective and the small, globular nodules which are colourless or dark brown 
are ineffective and their frequency of occurrence is low'. 


In both the species of Trigonella investigated infection of the root is 
through ^ro ot-hairs . The infected root-hair neither enlarges nor thickens, 

but the hypodermal cortical cell distends to twice its original size. The 
cortical cells through which the main infection thread travels are also large. 
The funnel-shaped expansions of the infection thread, close to the wall, appear 
prominent in the enlarged cells (Figs. 16, 17). The infection thread also 
shows affinity with the nucleus of the host cell, moves towards it and may 
even press against the same. There seems to be some correlation between 
the thickness of root cortex and the depth of penetration of the infection 
thread. In the thick six-layered cortex of the primary root the infection 
thread penetrates half-way down, while in the thin, four-layere cor ex o 
the secondary and tertiary root, the infection thread traverses t e en ne o 
up to the endodermis but does not enter the stele. In ot e spe 
Trigonella the nodule is exogenous in origin. 

The mature nodule is differentiated into four c ^f r ^ cte ^ St ^, 1 £ 2 j on 
nodule meristem, nodule cortex, vascular system an ac ero 
(Figs. 2, 5). The nodule meristem is conspicuous at the distal 
composed of thin-walled polygonal cells with dense con en s groups 

cuous nucleus. However, cessation of meristematic ac vi y ° 0 f t jj 6 

of cells restricting the same to certain others, soon mitia es , j 

nodule. The cells which are newly produced poste ™rly ^Xeads 
become parenchymatous. Some of these are inva e y ^ infection 

which will, thus, move towards the apex as the no ue ; gr • the j atter 
thread always shows affinity with the host nucleus an 
during its intracellular course (Fig. 16). ^ 

The nodule cortex is homogeneous and parenchymat by t j ie divisions 
supply of the nodule begins as procambial stran o of infection of 

of the cortical cells situated between the ste e an protoxylem 

the root cortex. This soon establishes connec ^ion ^ no dule. In 

point of the root and progresses towards the . is a esta blisHed with the 
T. foenum-graecum four such vascular connections These vascular 

root stele, two of which supply each side o ie 
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Figs. 15-21 Fies. 15 17 Trgonella foen m-graec m Figs 18-20 Canataho £ ^ 

F g 21 Phaseol i mungo Fig 15 Vascular bundle with phloem on three ' 

xyletn x340 Fig 16 Enlargement of a portion of newly formed cells being in 

F g. 17 Magn fied vew of a few infected and umnftcteo^^ 


Vascular 


infect on threads x 500 . . ... . 

sre the funnel shaped swelling of the infect on thread dose to cell wall x500 Fig l g •- - 

bundle w th phloem on three sdes or lylem x340 Fg 19 Newly * oml , . f0 
beng invaded by infect on threads x 500 Tig 20 Enlarged region of ”*** 

t ssuc showing absorpt on spots, X*O0 F g 21 B collateral bundle X 340 (obi absorp 
spot) 
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strands of the nodule branch repeatedly during their upward course and 
extend along the inner cortex of the nodule. They are separated from the 
bacteroid zone by a parenchymatous layer two to three cells thick. The 
vascular strands fail to anastomose at the apex of the nodule because of 
the distal nodule meristem. 22 to 24 vascular bundles surround the bacteroid 
zone in cross-section of the fan-shaped nodule in T. foetium-graecum and 
are collateral throughout their course (Fig. 15). 

The bacteroid tissue increases in quantity by fresh invasion of new cells 
produced by the meristem. In T. foenum-graecum and T. occulta 72 and 86 
per cent, of the bacteroid tissue are infected. These infected cells are twice 
the size of uninfected cells (Figs. 3, 17). Numerous vacuoles of different 
sizes appear around the nucleus. Later, they merge together into a large 
central vacuole of half the volume of the cell pushing the nucleus to one side 
in Trigonella. The nucleus of the infected cell distends, becomes amoeboidal 
(Figs. 3, 17). However, the uninfected cells possess thin cytoplasm, small 
nuclei and abundant starch grains. 

With the increasing age the pink nodules turn dark brown. This change 
in colour is accompanied by other changes such as wrinkling of the surface 
and loss of turgidity. The bacteria become clumped at the centre and less 
stainable. The degeneration of nodule proceeds from the base upwards. 

The ineffective nodule in T. occulta (Fig. 6) has less activity of nodule 
meristem. The nodule cortex consists of two to four layers of large cells. 
The vascular supply is ill-developed. Only 30 to 40 per cent, of the cells 
of the central region are large and they exhibit disintegration of their meagre 
bacterial content. The infection threads run parallel, invading the new 
cells formed by the distal nodule meristem. 


Canavalia gladiata (Jacq.) DC. 

In Canavalia gladiata the first nodule appears on the secondary root 
on the sixth day of the seedling when the first true leaves unfold an su sequen 
nodule formation is on the secondary, tertiary and quaternary roots an 
never on the primary root (Fig. 7). The nodule is spherical to begm wi 
and becomes cylindrical or two-lobed (Fig. 9) in the manner esc ” e 
Trigonella. Both effective and ineffective nodules are formed. Ubscv - 
tions made on the mean number of nodules per plant, when one, two , 0 
plants are grown per pot, show that the number of nodu es per p an 
when there is only one plant per pot. The number of nodule per plant 
decreases with increasing number of plants per pot. In all cases 
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number of nodules per plant per pot is maximum on the 29th day and 
decreases thereafter The size of the nodules increases with age 

Entry of the rhizobia is through root hairs The infected root hair 
enlarges four times its original size The infection thread is sing e an 
branched in the root hair itself (Fig 9) and remains conspicuous at all stages 
of development of the nodule 

The mature nodule of Canmaha gladmta has a nodule menstem, a nodule 
cortex, vascular supply and a bacteroid zone (Fig 9) The nodule mens e 
is prominent at the distal end m the cylindrical or lobed nodules The cens 
which are produced on the lower side by the distal menstem are progressiv 
invaded by the infection threads whose size is uniform in the young i c 
cells (Fig 19) However, funnel shaped expansions of the infection threa 
close to the host cell wall become obvious in the enlarged cells The nodule 
cortex is heterogeneous, with the middle sclerenchymatous layers being san 
wiched by parenchyma 

The vascular supply in Canmaha starts as a procambial strand between 
the stele and the point of infection in the root cortex, subsequently, it esta 
hshes connection with the protoxylem point of the host root It consis s 
of one or two traces The vascular strands that progress to the dista en 
of the nodule branch and surround the bacteroid zone but do not anastomose 
at the apex because of the distal nodular menstem The number of vasc ^j* r 
bundles that surround the bacteroid zone m cross section is 10 to 12 ® 

bundles are amphicnbral at the base and amphicnbral or inversely collate 
with phloem on three sides higher up (Fig 18) 

The increase in the bacteroid tissue is brought about by the invasion 
of new cells produced proximally by the nodule menstem 49 per cent o 
the bacteroid tissue are infected, they are nearly one and a half times larger 
than the uninfected cells 

Dunng nodule decadence, the bactena clump together and lose stam 
ability Most of the cells in the bacteroid zone exhibit disintegration an 
absorption spots (Fig 20) The degeneration of the nodule progresses from 
the base upwards, ultimately resulting in an empty shell whose wall is com 
posed of the cortex traversed by the vascular bundles 

Two type:, of ineffective nodules occur (1) large, slightly pink nodules, 
and (2) small, colourless ones The larger ineffective nodules have diffuse 
nodule menstem penpheral to the bacteroid tissue, heterogeneous cortex 
and well-developed vascular bundles However, the infected cells are not 
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enlarged. The parenchymatous cells that surround the bacteroid tissue 
are four times larger than the infected cells and contain small nuclei and 
abundant starch grains. The small, colourless nodule is undifferentiated. 
The infected cells are indistinct with meagre bacterial content. The cortex 
is parenchymatous (Fig. 10). 

The false or atypical nodules are also frequent in the form of collar-like 
swellings at the base of the lateral rootlet. They are the consequence of 
meristematic activities of the outer cortical cells. 


Phaseolus muiigo Linn. 


In Phaseolus nutngo the first nodule appears on the primary root on the 
third day of the seedling when the first true leaves unfold. Subsequently, 
more nodules develop principally on the primary root in so close a succession 
that they collectively present the appearance of a bunch of grapes (Fig. 1 1) , 
nodules also develop on secondary roots. The nodules are usually spherical. 
When the plants are 32 days old, the nodules situated close to the surface 
of the soil on the tap root decrease in number due to degeneration, w e 
their number increases on the secondary and tertiary roots. The a rg er 
nodules are fewer than the smaller nodules. All nodules are pink and e ec 
tive, but become brown with age. 


Infection is through root-hairs. The infected root-hair itse en arges 
four times its original size. The infection threads are in clusters o vo o 
three and remain conspicuous at all stages of development o t e no u 
A nodule may also be initiated by more than one infected root- air ig- > 
rlh and rh 2 ). The infection thread penetrates the root cortex up o 
middle, irrespective of the thickness of the cortex. The no e is exo 
in origin. 

The mature nodule is differentiated into nodule meristem, n0 ? u l° ■’ 
vascular system and bacteroid region (Fig. 13). The mens em l ^ 

cuous and diffused, peripheral to the bacteroid region. e s 1 
rhizobia in the bacteroid region is by the invasion of ceUs J 
divisions of the infected cells as shown by the presence o i m j ddle 

in every infected cell. The nodule cortex is ^ tero g ene °f r ^ r ^3). 
sclerenchymatous layers sandwiched by parenchyma on ei e 

The vascular supply of the nodule originates as a infected 

the division of the cortical cells situated between proto- 

part of the root cortex. This strahd establishes corme « 
xylem point of the root, progresses towards the dis. 
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Table I 

A brief resume of the present investigation 


Trigo- 

nelta T occulta 

foenum 
graecum 


Cana\aha 

gladiata 


Phaseolut 

mungo 


1 Appearance of first 
nodule 


ninth day of the 
seedling 


sixth day of the third day of the 
seedling seedling 


2 Position of nodules primary root primary root secondary root 

and roots of and roots of and roots of and rooEoi 

other orders other orders other orders other orders 


3 Portal of entry of root root hair 
by the infection 
thread 


root hair 


root-hair 


root-hair 


Infection thread 
(i) number 
OQ behaviour m the 
root hair 


one 

unbranched 


one 

imbranched 


one 

branched 


two to three 
unbranched 


Mature nodule 
(0 meristem 


distal 


distal 


distal 


00 cortex 

(uQ vascular system 


homogeneous 


four strands 


collateral 

throughout 


22 to 24 vascu- 
lar bundles sur- 
round the bac- 
teroid zone 


diffused and 
peripheral 

parenchymatous heterogeneous, pa*®*}®* wn 
wiching the sclerenchyma 
one or two one strand 

ampScnbral at amphicntiral at 
the base and ^e base gd 
amphicnbral or ampbcnbrai 
mversely colla- 
teral higher up 
10 to 12 vascu- 
lar bundles sur 
round the bac- 
teroid zone 


do not anastomose distally 


bicollateral 
lugher up 
7 to 9 vascular 
bundles sur 
round the oac- 
teroid zone 
anastomose 

distally 


6 Percentage of infected 
cells 


49 


70 


7 Ineffective nodule pre- present 
sent 


8 Atypical nodule 


not present 


86 

present present not P rescnt 

not present present p0t 
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branches around the bacteroid zone and ultimately anastomoses at the distal 
end of the nodule. 

The number of vascular bundles that surround the bacteroid zone in 
cross-section is 7 to 9. Each bundle is amphicribral at the base and amphi- 
cribral or bicollateral at the distal region (Fig. 21). 70 per cent, of the cells 
of the bacteroid tissue are infected and are slightly larger than uninfected 
cells. Numerous vacuoles occur near the nucleus. In old nodules the 
bacteria are clumped together and take little stain (Fig. 14). The degene- 
ration of the nodule proceeds from the centre to the periphery. 


Discussion 


From the present investigation it is clear that the appearance of the 
first nodule synchronises with the unfolding of the true leaves. Thornton 0 ) 

also observed such a correlation in Medicago sativa. However, Bieber o 
(1938) failed to observe a correlation between the unfolding of the true leaves 
and the appearance of the first nodule in Glycine max. Thornton ( ) 

suggested that nodule initiation is controlled by the entire vegetative top, 
however, further studies are needed to elucidate this. 


Generally, the single infection thread is present in the root-hair branches 
when it enters the cortex. This condition is seen in Ti igone afoenum gr 
In Canavalia gladiata the single infection thread branches in the - 
itself. A similar case was reported by Thornton (19 ) m e i ^ 

The several infection threads seen in the root-hair o C1929). 

somewhat similar to what has been recorded in P. vu gaus y 
Further, in P. mungo nodule formation by two into *ed 
been seen in the present work. Similar cases have een rep 
(1930) in Medicago sativa and by Arora (1956) m Cwe, anetmum. 

The depth of penetration of the root by the gladiata 

different plants. In Trigonella foenum-graecw t j ie infection thread 

studied by us and in Glycine max (Bieberdo , h and the thin 

penetrates the thick -tap root down to the mi in Cicer arietinum 

secondary roots down to the endodemus In ’pfmeolus mungo, as 

the situation is just the opposite (Arora, '• t0 t he middle 

shown by the present study, the infection threa p primary and the 

cortex irrespective of the thickness of the cor ex . cortex docs 

secondary roots. Thus it is clear that the t ic ne ea d. Since nodule 
not determine the extent of penetration of t e some host cells 

initiatioa is known to be linked up with polyplo^ ot s ? 
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a study on the distribution of ploidy m the cells of the root cortex migtf 
throw light on the differences in the depth of penetration of the infection thread 
in different host plants 

As regards the funnel shaped swelling of the infection thread close to 
the host cell wall our observations on the uniform diameter of the infection 
thread in the young infected cells, the appearance of funnel-shaped swelling 
close to the wall in the enlarged infected cells and the rupture of the infection 
thread in the middle, strongly suggest emaciation of the infection threa m 
the middle as a consequence of stretching during enlargement of the infected 
cell leaving behind the infection thread of normal size as a funnel-shape 
swelling close to the cell wall 

The spread of rhizobium in the nodules of Trigonella foenum graecum, 
T occulta and Cana\alta gladiata is by the invasion of new cells by the in 
tion threads This study has also shown that in Phaseolus mungo, in which 
there is diffused menstem at the periphery of the bacteroid zone, the sprea 
of the rhizobium is by the invasion of the newly-formed cells and not by t e 
division of the infected cells as in P vulgaris (McCoy, 1929) Branche 
infection threads seen in the host cells in P mungo confirm this 

Summary 

The structure and development of the root nodules of Trigonella foenum- 
graecum, T occulta , Cana\alia gladiata and Phaseolus mungo have been 
studied A brief resume of the salient features of root nodules of these host 
plants is given m the form of a table and some of the points such as the initia- 
tion of nodule, the behaviour, the depth of penetration, and the spread of 
the rhizobium within host cells are discussed The funnel shaped swellings 
of infection threads are considered to arise by emaciation due to stretching 
of the thread during the enlargement of the host cell harbouring it 

We are deeply indebted to Professor C V Subramaman, Head of the 
Department of Botany, for suggesting the problem, valuable suggestions 
and keen interest throughout this investigation 
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Explanation of Plates 
Plate XVr 

Figs. 1 -3. Trigonella foemim-graecum. Fig'. 4-6. T . occulta. 

Fig. 1. Habit of root nodule, x2. 

Fig. 2. Radial L.S. bilobed nodule with bacteroid tissue, x33. 

Fig. 3. Infected and uninfected cells, see the hypertrophied nucleus bordering the vacuole of 
infected cells and starch grains in the uninfected cells, x500. 

Fig. 4. Nodules on the primary and secondary roots, x reduced 2/3. 

Fig. 5. Radial L.S. effective nodule showing two vascular supplies, x89. 

Fig. 6. Ineffective nodule, xl33. 

Plate XVII 

Figs. 7-10. Canavalia gladiata. 

Fig. 7 . Root bearing nodules, x natural size. 

Fig. 8. Root-hair with branched infection thread, X 1,000. 

Fig. 9. Bilobed effective nodule, x33. 

Fig. 10. Ineffective nodule, xl33. 

Plate XVIH 

Figs. 11-14. Phaseolus mungo. 

Fig. 11. Tap root with effective nodules, X reduced 2/3. 

Fig. 1Z Nodule with root regions of infection, xl53. 

Fig. 13. Mature nodule, x33. 

Fig. 14. Degenerating bacteroid tissue, x500. 

(rfi 1 and rh t , infected root-hairs,) 
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Introduction 

The present investigation relates to studies on stomatal development in 
Sarcandra irvmgbaileyi Swamy, a vesselless plant of the ranalean complex 
Information on the stomata of Ranales is meagre when compared to studies 
on the anatomy of wood From an ontogenetic point of view, the stomata 
in the angiosperms as a whole and ranalean complex in particular need more 
detailed study before any attempt can be made to make use of this structure 
on problems relating to phylogeny 

Materials and Methods 

Source of materials was the same as described in an earlier publication 
(Ramji, 1961) Epidermal peels were either stained as per Foster’s schedule 
(1934) or in acetocarmine and phloxme for a study of the distribution of 
stomata Cleared whole mounts of leaves were also of immense value for 
following the stomatal types Paradermal and transections were made at 
5/i thicknesses and stained with hematoxylin and erythrosin. saframn and 
fast green combinations 

Observations 

In Sarcandra, the stomata are confined to the abaxial surface of the leaf 
They are few on the midrib and along the lateral veins Tne mature stomata 
are found mixed with the differentiating ones thus showing that their differen- 
tiation is spread over a long period They are absent in a few cell layers 
(four to six layers) along the edges of the leaf. They are also absent in embryo- 
nic leaves of approximately 3 mm in length 

The stomata develop from actively dividing more or less polygonal cells 
of the abaxial surface (Fig 1), The initial of the guard cell mother cell (Gmc) 
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shows greater avidity for nuclear and cytoplasmic stains. Its nucleus is 
larger and occupies a greater area of the cell (Fig. 2). This cell is lenticular 
or quadrangular in outline as seen in epidermal peels and paradermal sections 
(Figs. 1-3)! To start with the walls of the Gmc appear straight (Fig. 3) but 
later assume a convex shape (Figs. 1, 2). It divides into two approximately 
equal halves (Figs. 3-5) and these later become the guard cells. Following 
division in the Gmc, the convexity of the walls and stainability of the cell 
contents are less pronounced. Following division, there is a heavy deposi- 
tion of pectic substances in the central region of the separating wall (arrows 
in Fig. 7). This is the region where the walls of the guard cells separate to 
form the pore (Fig. 8). The intercellular substance swells in the central 
region of the cross-wall before the connection between the walls is weakened 
and the pore is formed. 

The subsidiary cells are derived from the neighbouring epidermal cells 
and are not related to the Gmc ontogenetically. Thus, the stomatal type in 
Sarcandra irvingbaileyi may be classified as haplocheihc* («?<? Esau 1960, 
p. 345). It may be pointed out here that in a majority of instances the sub- 
sidiary cells are differentiated before division occurs in the Gmc ( m 'S s - 
2-4). Two or more subsidiary cells are organised around a Gmc. While 
in Fig. 2 two subsidiary cells flank along the long axis of the Gmc, in Fig 
one cell at the bottom and another cell on the side Hank the div,d,ng mother 
cell. The number of subsidiary cells surrounding a stoma varies on the 
same surface of the leaf. The common condition is for 

adjoining the longer axis of the guard cell to “ C a|s0 shows othe r 

subsidiary cell on the other side (Fig. p, o). & 

• • • , + fUp cnhsidiarv cells. In one ot these, tne 

variations in the arrangement or the sudsiq diy 

stoma is surrounded by four subsidiary cells ( > > 

Usually, the division in the epidermal ceU adjoining^ the^Gmc results 

in a smaller subsidiary ceU <ta °^f s yf “uf of”the Gmc are prominently 
these subsidiary cells are delimited, the side w 

convex (Figs. 2, 3 and 4). , 

The stomatal type in the leaves of Sarcandra may broadly be classed 

as paracytic (Fig. 6, A, B). 

Discussion 

4 nto In thp leaves of Sarcandra along with 
The presence of mature stomata in ^ jn other ang i 0S perms, 

developing ones on the same surface sho 

— . , _4„inr-lipilic ’ were proposed with reference to 

* In fact the two types * haplocheihc an sy stomatal types met with in 

the gymnospermous stomata only but have found application 

dicotyledons. 



352 M. V. Ramji 

the ontogeny is spread over a considerable period The protodermal cells 
of the abaxtal surface divide many times before they give rise to the Gmc 
Since the differentiation of the stomata occurs in a ‘ mosaic ’ fashion, it is 
not possible to pin down mother cells during early stages A protodermal 



Figs. 1-3 Fie. i A lenticular guard cell mother cell (Gmc) in pantdermal plane Ftg 
K rectangular Gmc flanked by subsidiary cells fS) Fig 3 Upper half of figute 4)10 
a Gmc, ro the lower half is shown a lenticular mother cell that has d vided into two^gua 
cells flanked by subsidiary cells (S) Fig 4 Division in a Gmc The d viding Gmc is flan 
by subsidiary cells (S) Fig. 5 Division in a quadrangular mother cell to form a P air ° 
guard cells. 
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cell can be demarcated as Gmc only when it shows a specific or pronounced 
affinity for nuclear and cytoplasmic stains. This cell is lenticular or rectan- 
gular with slightly convex walls. 

In Sarcandra, the subsidiary cells are usually demarcated before a Gmc 
undergoes division. However, their number varies from one to three. These 
cells result from an unequal division of the neighbouring epidermal cells. 
The smaller cell of such a division is the subsidiary cell. 

In the ranalean complex, investigations on stomatal ontogeny have been 
on Drimys, Trochodendron, Tetracentron (Bondeson, 1952), Schisandra grandi- 
fiora (Jalan, 1962), Michelia champaka and Magnolia stellata (Paliwal and 
Bhandari, 1962). Rao (1939) basing his observations on mature stomatal 
types regarded the stomata in certain Magnoliaceae syndetocheilic. Re- 
cently, ontogenetic studies have revealed their haplocheilic nature (Jalan, 
1962); or, they may be variable (Paliwal and Bhandari, 1962). Thus both 
haplocheilic and syndetocheilic types occur in the Ranales. Among the 
vesselless dicotyledons, Drimys shows syndetocheilic type while Sarcandra 
shows haplocheilic type. Trochodendron and Tetracentron exhibit an inter- 
mediate condition where the protodermal cell cuts off a subsidiary cell and 
a guard cell mother cell. The latter divides into two guard cells while the 
other epidermal cells become the subsidiary cells (Bondeson, 1952). 
Hence, the type of stomata (haplo- or syndetocheilic) when read together 
with the vesselless character affords no definite proof for arriving at any 
phylogenetic conclusion. It is seen that both types occur in the gymno- 
sperms (Florin, 1931; Maheshwari and Vasil, 1961). 
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Explanation of Plate XIX 


Fig 6 
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its longer axis, the central slit indicates separation of the walls to form the pore, X « 
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